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THE  NATIONAL  GEOGRAPHIC  SOCIETY 


Tbib  NatioiMl  Geograpliic  Soaety,  nUdi  vudmBttd  fhib  tgfUonl&am  dateribed  in 
this  wm  cwguuied  and  inoovponlad  vnder  the  laws  ol  the  District  of  Co- 

lumbia, JaniMiy  27,  1888,  for  "the  incwMe  and  diffanon  ct  feographie  knimkdga." 

•The  Society  accomplishes  its  object: 

1.  By  the  publication  of  maps,  books,  and  an  illustrated  montlily  magazine,  which 
contains  about  1600  pages  per  year.  All  receipts  from  its  publications  are  invested  in 
the  Magazine  itadi  at  expended  <&ae^  to  promote  geographic  knoiriedge  and  the  atndtjr 
ol  geography. 

i.  By  the  encouragement  of  geographic  science  and  exploration  by  means  of  such 
financial  grants  as  its  resources  will  permit.  The  Society  has  just  concluded  a  series 
(rf  investigations,  extending  over  three  years,  of  the  glaciers  of  Alaska,  one  of  the  most 
important  fields  of  geographical  research  in  America.  The  results  are  given  in  this 
volume.  In  cooperation  with  Yale  University  it  haa  lor  several  yean  maintained  a 
kife  eaiiedilion  m  Fern,  making  geographical,  geological  and  archmlo^cal  iniraatigB^ 
tions  aroimd  Cnico,  in  a  region  which  ia  generally  believad  to  have  been  the  Inrthplace 
of  the  famous  and  little-known  Inca  race.  It  also  had  an  expedition  in  Alaaka  ittveat^ 
gating  the  recent  eruijtion  of  Mount  Katmai,  this  study  l>eing  preliminary  to  a  compre- 
hensive investigation  of  what  is,  perhaps,  the  most  stupendous  volcanic  licit  on  the  earth. 

Its  earlier  expeditions  to  iVlaska  did  much  pioneer  work  in  the  exploration  of  that 
tcRitoay.  Li  IMS  the  Socfaty  aent  an  cocpeifitkm  to  Mknoik  PeUe  and  In  Sovbike 
to  atody  the  terrible  eruptimig  ol  theae  vxJcanoea.  The  Society  haa  aanated  variooa 
Arctic  expeditions,  notaUy  the  last  expedition  of  Robert  E.  Peary,  which  discovered  the 
North  Pole,  April  6,  1900.  In  1909  it  sent  to  Sicily  a  trained  geologist  to  investigate 
the  Messina  earthquake.  A  {wjiular  account  of  all  expeditions  is  printed  in  the  Maga- 
zine, while  the  technical  results  appear  in  separate  monographs  published  by  the  Society. 

8.  By  an  annual  series  of  addreaaea  at  the  National  CapitaL  Dnring  the  past  several 
yeaxa  the  Sodely'a  program  haa  indnded  IheaideBt  Talt;  Fkerident  Booaeveh;  Secretary 
of  State  Bryan;  Colonel  George  W.  Goethala,  Chief  Engineer  Panamn  Canal;  Sir  Harry 
Johnston;  Sir  Ernest  H.  Shackleton;  Viscount  James  Brj'ce;  President  Charles  W.  Eliot, 
of  Harvard  University;  Gifford  Pinchot;  Bobeit  £.  Peaiy»  Boald  Amundaen;  Dr.  Wil£red 

T.  Grenffll;  Sir  Francis  Younghushand. 

4.  By  the  luainlenaucc  of  a  geographic  library  at  its  headquarters  in  Washington. 

5.  Qy  the  award  of  gold  medab. 

The  Society  haa  many  thousands  ol  members  distributed  throu^xnit  evny  Stsfe^  in 
the  Union,  and  in  every  foreign  rountn .  It  haa  mwnhfTa  In  14^000  towns  and  viDagea 

in  the  United  States  and  in  foreign  lands. 

The  membership  fee  is  $2  per  annum  with  no  entranr  e  fee.    Uife  membership  fee  is  $50. 

All  members  receive  the  Magcuine  and  maps  published  by  the  Society  during  the  term 
cl  membership. 
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FBEFACE 

i 

The  contents  of  this  book  are  the  result  of  a  three-years'  study  of  the  glaciers  of 
A]m1e»,  financed  and  directed  by  the  National  Geographic  Society,  through  its  Com- 
■fttoe  on  BeBeawh.  TIm  iuvMligitioiis  ^ran  maide  a*  a  oortol  al^^ 
Mating  the  inAenat  ci  upward  of  a  quarter  of  a  nilBon  members  of  the  Society,  whose 
continued  support  of  the  great  object  of  the  inenaie  and  diffuiioii  of  geosrapliie  knowl- 
edge made  the  Aladcan  undertaking  possible. 

Through  the  investigations,  it  is  hoped,  new  light  has  been  thrown  upon  the  ice  age  in 
America,  new  information  has  been  collected  as  to  the  processes  of  glaciation,  and  a  new 
TKW  haa  bean  grtlimd  aa  to  tlia  «Aeet  of  aardiqiialM 

krgest  in  the  world  except  those  of  tli»  polar  sQgiona.  Tbttt  an  tlwuwandi  of  tbem. 

and  only  a  few  of  them  even  have  been  named. 

The  work  of  research  into  the  extent  and  behavior  of  the  Alaskan  glaciers  was  under- 
taken in  1909,  under  a  resolution  of  the  Board  of  Managers  appropriating  $5,000  for 
tanning  it.  This  was  followed  by  like  appropriations  by  the  Board  of  Managers  in 
ino  and  1911,  ^  aoma  additional  aid  from  tfane  to  tfanoi  bringing  total  oonlrf. 
kition  of  the  Society  to  the  woric  up  to  $174)00. 

The  Research  Committee  decided,  at  the  outset,  to  devote  the  money  expended  by 
the  Society  to  the  study  of  certain  of  the  tidewater  glaciers,  notably  those  in  and  about 
Yakutat  Bay  and  Jhmce  William  Sound*  and  with  the  phenomena  observed  there  this 
book  deals. 

ft  b  paeofiarly  fitting  that  tha  Nataoaal  Geographic  Soeialy  dwald  Im  mdertakoi 
aaeientifte  survey  of  the  ai— ^miAan,  becanae  it  has  ban  wy  cloady  ^^t^^I^ 

vih  the  exploration  work  that  haa  opened  up  that  wonderful  territory.  Its  Magainna 
B  one  of  the  great  storehouses  of  data  on  original  glacial  explorations  in  Alaska. 

In  the  Naiional  Gwgraphic  Magazine  appeared  one  of  the  first  maps  showing  most 
of  the  Alaskan  glaciers.*  This  journal  published  the  description  of  C.  W.  Hayes  and 
Rcderick  Sch^s  atka's  explorations  north  of  the  St.  Elias  Range  and  in  the  Copper  River 
valky,  with  important  ooutributiona  on  glackia  and  glaciatkm.*  ft  poUfahed  H.  F. 
Beid'adeaenplNH  of  tboMuir  Glacier  and  Glacier  Bay*  It  poblidiad  I.  C.  BnaeD'a 
descriptions  of  Mt.  St.  Ellas  and  the  Malaapina  and  Yakutat  Bay  glaciers,*  first  explored 
by  the  two  Russell  expeditions  which  were  partly  financed  by  the  National  Geographic 
Society.  In  its  volumes  are  Henry  Gannctt's  (lcscri})tions  of  some  of  the  glaciers  of 
Prince  William  Sound  and  other  parts  of  Alaska '  as  well  as  Miss  £.  R.  Scidmore'a 
dnaq)tk>n  of  the  {^aciers  of  the  Stildne  River,*  and  hex  review  of  the  diaoovery  of  Gladcr 

>Nftt.  Geog.  Mag.,  Vol.  XY,  1904,  mop  Uaag  p.  288. 

*Ibid..  Vol.  IV.  1892,  pp.  117-162. 
'         » Ibid^  Vol.  rV,  1802.  pp.  19-84. 

*  Ibid.,  Vol.  m.  1801.  pp.  0S-4OO. 
I  ^aH.  Vol.  X.  1899,  pp.  507-«lt;  Vol.  XD.  1901,  pp.  18&-19e. 

I         •Mi^  VoL  X,  1899.  pp.  »-0;  Vol.  VU.  180«.  pp.  140-146;  TcL  V.  1899.  pp.  m-in. 
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Bay  and  of  explorations  in  Alaska  by  members  of  the  National  Geograpbic  Society; 
C.  A.  Stockton's  '  and  J.  C.  Cantwell's '  descriptions  of  ground  ice  in  Arctic  Alaska; 
C.  L.  Andrews'  study  of  Muir  Glacier  in  1902,  the  first  after  the  great  earthquakes  of 
1889;'  Fremont  Morse's  description  of  the  same  in  1907;^  W.  C.  Mendenhall's  de- 
acriptnaa  of  the  ^bden  in  the  Wmgell  Ifountains;*  W.  A.  Didb^*s  disooveiy  and 
naming  of  Mt.  MdOnh^witli  itaglaflieta;*  BitetMnldiow'adetetminatioii  of  ita  hci^t 
and  1]ie position  of  more  glaciers;'  A.  H.  Brooks'  plan  of  climbing  Mt.  McKinl^,  with 
mapping  of  still  more  of  the  glaciers;'  Ferdinand  Westdahl's  photographs  of  the  glaciers 
and  snowfields  on  the  volcanoes  of  Unimak  Island  in  the  Aleutians;*  W.  H.  Osgood's 
description  of  the  glaciers  near  Lake  Clark;"  G.  K.  Gilbert's  summary  of  the  glaciers  of 
Alaska;"  and  many  other  papers''  dealing  incidentally  with  glaciers  and  giaciation  in 
AlaakE. 

Tbib  Nttlional  Geogiaphie  Sodety'a  Aladoui  eapedition  of  1909,  the  plan  of  ittSA 
ma  amMMmoed  in  the  Magazine  for  June,  1909,  was  under  charge  of  the  authors  of  thia 

volume,  the  other  members  of  the  party  being  W.  B.  Lewis  of  the  U.  S.  Geological  Sur- 
vey, the  topographer;  Oscar  von  Engeln  of  Cornell  University,  who  took  and  developed 
many  of  the  photographs; £.  F.  Bean  of  the  University  of  Wisconsin,  who  acted  as  rodman 
and  geneml  aaaiatant;  A.  B»  Gampbdl  of  the  Univenily  of  Waahington,  ^vho  lan  the 
hnoMh;  Ghariea  J<dinaon  of  Yakntat,  yrbo  was  boatnuu  and  camp  hand;  anda  Japaneae 
boy,  as  cook. 

The  Society's  1910  expedition  was  under  the  leadership  of  the  junior  author,  assisted  by 
Messrs.  Lewis  and  Bean  of  the  1909  party,  F.  E.  Williams  of  the  University  of  Wisconsin, 
rodman;  R.  G.  Byers  and  E.  A.  Conner  of  the  University  of  Wadiington,  photographer 
and  boat  engineer  reqiectively;  and  a  cook. 

The  Sociely'a  1911  ezpeditkn,  under  the  diiection  of  bodin^^  de- 
voted most  of  the  season  to  grader  study  hk  olliflr  paita  of  Alaaka  than  aie  deacribed 
in  this  volume.  The  junior  author,  however,  gave  two  weeks  to  additiamlobaervationa 
of  the  Prince  William  Sound  and  Copper  Biver  gladeis  before  he  waa  jdned  Ity  the 
senior  aiiUior  and  Russell  S.  Tarr. 

The  junior  author  also  visited  Yakutut  Bay  in  191^. 

Eadaof  tfaeanthoiahad  previously  spent  tmiaunmMca  in  Alaska,  the  aaniiHr  author  in 
Takntat  Bay  hi  190ff  and  190e»  the  junior  author  m  Controller  Bay,  Fdnoe  William 

Sound,  Cook  Inlet,  and  Alaska  Peninsula  in  1904,  and  in  Yakutat  Bay  in  1905.  Both 

of  these  previous  seasons  of  field  work  in  Alaska  by  the  senior  author  were  supported 
by  the  U.  S.  Geological  Survey.  The  1904  season  by  the  junior  author  was  in  a  U.  S. 
Geological  Survey  party,  but  in  1905  he  was  supported  by  a  grant  of  money  from  the 
American  Geographical  Society  of  New  York. 

» Nat.  Geog.  Mag..  Vol.  II.  1890.  pp.  171^-179. 
»  Ibid.,  Vol.  VII.  1890,  pp.  345  *16. 

*  Ibid.,  Vol.  XIV,  190».  pp.  441-445. 

*  Ibid.,  Vol.  XIX,  1908.  pp.  70-78. 
• /Mtf«  VoL  XIV,  1008k  pp* 

•  iNi,  VoL  vm.  IN7.  pp.  m-m. 

» Ibid.,  Vol.  Xn.  1901,  pp.  812-81S. 

•  Ibid..  Vol.  XIV,  \90$.  pp.  80-S5. 
•Ibid..  Vol.  XIV.  I'Jo;).  pp.  93.  94, 87. 96k 
"  lUd..  Vol.  XV,  1904.  p.  328. 

»  Ibid.,  Vol.  XV,  1904,  pp.  449-450. 

» Ibid^  VoL  XX.  im,  pp.  686-088;  Vol.  XXQ.  1911,  pp.  M7-60O,  786;  VoL  XXIU,  I9li,  pp.  -tfa-IM, 
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We  nfled  bam  SestUe  June  U»  1900,  on  the  Alaika  CoMt  Ca't  iteuMr,  PorOamd, 
wmthmg  Yikatot  fi?«  days  later.  Hen  ire  ipait  abovt  six  wttks.  We  travded  and 
tnuferred  our  food  and  auB]»  cqni^aMnt  in  a  t««nty-dgiat  iooft  vlialeboat,  equqqied 

with  a  four-horse-power  pasoHne  onpine.    We  occupied  two  main  camps  and  seven  tem- 
porarv  camps  in  Yakutat  Hay.    We  left  Yakiitat  on  August  14th,  taking  our  launch  upon 
the  steamer  from  Yakutat  to  Valdez.    Two  days  apiece  were  devoted  to  brief  examina- 
tioM  of  Y«klai»  Sboup,  sad  GoimiiliM  sImmb^ 
iag  m  ow  iMudi,  aad  caiiqMi  baing  oocoiM 

Uand,  near  Columbia  Glacier,  and  on  FIemming*8  Spit  just  out.side  Cordova.  Two  dagm 
were  devoted  to  a  hurried  view  of  the  Miles,  Childs,  and  Allen  glaciers  of  lower  Copper 
River,  the  authors  being  taken  by  railway  automobile  to  the  end  of  the  line,  as  then  com- 
pleted, and  entertained  at  the  railway  construction  oimps.  We  left  Cordova  Septem- 
ber 1  on  the  Northern  Navigation  Company's  steamer  Lindsay,  reaching  Seattle  ten  days 
lalar. 

During  the  fidd  oeaaon  ol  lOlQ^  the  junior  attUior  and  Ida  party  spent  only  two  wedcs 
in  Yakutat  Bay,  June  11  to  ocem»ylng  five  camps  and  travding  in  the  launch,  which 
had  been  purchased  the  previous  year  by  the  Society.  The  party  was  then  taken 
to  Prince  William  Sound,  where  a  special  trip  of  Alaska  Coast  Company's  steamer 
Bertha  landed  us  on  Heather  Island  near  Columbia  Glacier.  In  the  following  six  weeks, 
tm  tnvcfed  by  laondi  dear  around  Prince  WilHani  Sound,  xeaching  Cocdora  on  August 
IS,  after  oocnpymg  ten  oampa  in  the  fiords  near  the  aefvotd  gladersandonLatoodieand 
HlMiiliiiilMMiil  Islands.  Three  weeks  were  then  (Ie\  oted  to  tlie  gladfllt  of  the  lower 
CSoppcr  Biver.  We  worked  as  far  north  as  Heney  Glacier  and  had  four  camps  along  the 
Copper  River  and  Northwestern  Railway  near  the  larger  glaciers.  The  junior  author 
also  spent  three  days  in  a  rapid  railway  and  steamboat  trip  through  the  Copper  River 
canyon  to  Chitina.  A  week  was  occupied  in  a  launch  trip  from  Cordova  to  Columlna 
faariiT  and  Valdea,  whanco  the  party  sailed  for  Seattle  on  the  Aladca  Steamih^ 
Conpaaor*a  staamer  NaHkmtlwm  on  September  0. 

In  1011  the  junior  author  went  north  alone,  leaving  Seattle  June  5  on  t  he  Alaska  Steam- 
ship Company's  steamer /I /awitf<ia,  making  a  rapid  reconnoissance  trip  to  Valdez  Glacier 
and  through  Prince  William  Sound  to  Seward  and  back  to  Cordova,  after  which  he  sfwnt 
the  time  from  June  15  to  20  at  the  glaciers  of  the  lower  Copper  River.  He  was  joined  by 
fihe  aenior  author  and  after  another  trip  fhroui^  Prince  WiUiam  Sound  and  to  C<rfumUa 
GlaciarandaatndyofglaeietsintheKfinaiPciimBulaalongthe  / 
we  went  through  the  Copper  River  canyon  by  train,  saw  something  cf  the  COnditkma  of 
gladation  in  a  day's  work  at  Wood  Canyon,  and  then  worked  the  remainder  of  the  aeaaoa 
on  the  glaciers  and  glaciation  of  the  interior  and  of  southeastern  Alaska. 

In  1913  the  junior  aut}n)r  was  guide  for  an  excursion  of  the  Internalii)iial  Geological 
Congress  which  visited  Yakutat  Bay  in  September.  The  party  consisted  of  about  60 
geok>gi8to  from  aU  parts  of  the  world.  WetiaTeUedandlivedOBthe  speeially-Gharlered 
Canadian  Pacific  steamer  Prineeu  Maqmmutt  and  landed  at  a  number  cf  points,  as  de- 
scribed in  later  pages  of  this  book. 

Preliminary'  report.s  of  the  results  obtained  in  1(>00  and  1910  were  piiblislmd  in  the 
National  Geographic  Magazine  for  Januarv%  1910,  and  June,  1911.  The  junior  author 
lectured  before  the  Society  in  Washington  on  February  18,  1010. 

ThephenoineBaof  odvaiicinggladeiaobacmdin  YaimtatBay  by  theU.S.  GeobgicBl 
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Survey  parties  in  lOOff  and  1000  wiare  furtiier  rtadied  by  tbe  rabtequent  cocpeditioof 
of  tiiA  National  Geographic  Sodely.  The  fullness  of  the  deiGi^tion  of  tlie  Yakntat  Bay 

region,  therefore,  dBpaads  not  merely  on  the  work  of  the  seasons  from  1900  to  1018,  but 
to  a  very  large  degree,  on  the  studies  of  1905  and  1906.  The  investigations  of  these  fi\'e 
seasons  have  developed  a  series  of  interesting  and  important  results,  the  statement  of 
which  can  be  adequately  made  only  by  making  free  use  of  the  work  of  the  previous  ex- 
peditknu.  Tbm  has,  IheNfore,  beeo  doatb,  not  in  the  form  of  direct  quotatkm  of  our 
pievioiis  poUieatixnia  idating  to  IhA  eqpeditic^ 

as  have  seemed  neoessary  to  tlie  doamess  of  discussion  of  the  problems  whidi  tiie  Yakutat 
Bay  glaciers  present.  Tliis  report,  in  so  far  as  the  Yakutat  Bay  region  is  concerned,  is 
the  summary  and  discussion  oi  the  results  ci  five  seasons  of  work,  not  of  tlie  seasons  of 
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acknowledged. 
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Sound,  supplied  by  Professor  U.  S.  Grant  of  Northwestern  University.  Some  of  the 
crow  sections  of  tlw  fiords  were  drawn  fay  Mt,  S.  F.  Bean  of  tiie  Univmly  of  ¥Hsoon- 
sin,  who  has  also  been  of  great  servioo  in  asdsting  with  the  pRMfinadiDg  and  with  mak- 
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6.  Columbia  Glacier  in  Prince  William  Sound. 

7.  Ua^^'ard,  Yale  and  Cascading  Glaciers  in  College  Fiord. 
8L  Barry  Glacier  in  Haniman  Fiord. 

9.  GUUfa,  Mika,  Gonnen  and  ADen  Gladen  in  tlM  Copper  Biver  Canyon 
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CHAPTER  I 

THE  GLACIERS  OF  ALASKA 
Tbe  Akdcaa  i^ackn  ««  IIm  laigest  in  the  world  excq>t  11^ 

Tlwcodttillg^Mien  of  Alaska  are  chiefly  confined  to  the  mountain  regions  and  extend 
more  or  less  continuously  through  about  1,100  miles  along  the  Coast  and  the  St.  Elias 
Ranges,  400  miles  in  the  Alaska  Range,  and  4.')0  niilrs  in  the  Endioott  Mountains  of  north- 
ern Alaska.  These  mountain,  snowfield,  and  glacier  belts  average  from  40  to  120  miles 
a  tridth.  Then  aie  also  aetMmtd  ^admi  upon,  volcuoet  fhrough  a  dktaiiee  ol  MO 
■desontkeAhikaPieaiiiwiUaiiil  AVinriMi  Miida.  Glacien  are  found  thioa^ftmifp 
of  15  degrees  of  latitude.  The  tobd  now-  and  ice-covered  area  has  been  conaavi^ 
tively  estimated  at  15,000  to  20,000  square  miles,^  and  is  much  smaller  than  the  area 
covered  at  the  maximum  stage  of  Alaskan  glaciation.  This,  however,  is  less  than  four 
per  cent  of  the  total  area  of  Alaska.  There  are  thousands  of  glaciers,  only  a  few 
hundred  of  which  have  been  named. 

The  facial  districts  in  Alaska  may  be  best  described  in  groups  aMOciated  with  tibe 
vsiloiii  nwantain  laagaa  (Map  1,  in  podsat),  both  baeansa  thaw  anaUa  ns  to  take  up 
eompact  units,  and  because  the  mountains  are  jointly  responsible  with  the  climatic 
conditions  for  the  existing  glaciation.  It  is  the  combination  of  lofty  mountains  facing 
a  sea  coast  where  warm,  humid,  onshore  winds  bring  abundant  moisture,  in  a  northerly 
latitude,  that  gives  the  Pacific  Mountains  of  Alaska  from  80  to  200  inches  of  precipi- 
tttkui  yearly.  It  ia  Ilia  lofliiiMi  of  tiieia  momrtidna,  and  tha  noctheriy  latltiideb  tbai 
turn  a  laiga  proportion  of  tliis  ptaeipitatSon  to  fill  in  the  fonn  ol  snow.  Thenforeb 
much  more  snow  falls  in  a  winter  than  can  melt  during  a  summer,  causing  permanent 
snowfields  and  great  glaciers.  The  variations  in  altitude,  in  latitude,  in  precipitation, 
and  in  direction  of  slope  cause  the  principal  variations  in  the  present  size  and  condition 
of  the  glaciers.  Most  of  these  variations  are  assoc  iuled  with  differences  in  the  moun- 
tains, but  it  is  not  certain  that  the  climate  is  responsible  for  all  the  glacial  oscillations, 
nor  tiiat  tiie  ioa  tongoas  aie  oomiftailly  waning. 

The  moimtain  langes  upon  wliooa  dopoi  most  of  the  gladen  hare  been  formed  are  the 
Pacific  Mountama,  inchidmg  the  various  subdiyiskHui  ol  (1)  the  Canadian  CSoait  Banger 
(2)  the  St.  Elias  Range,  (3)  the  Alaska-Aleutian  Ranges. 

Former  glaciation  will  be  discussed  in  connection  with  all  these  mountain  groups  after 
the  existing  glaciation  has  been  sketched. 

Along  the  Inside  Passage  the  Taku  and  Davidson  Gladeia  aie  rather  familiar,  as  are 
the  If nir  Glacier  of  Glader  Bay,  the  Iifalaspina  and  YakoUt  Bay  Gladen  ol  the  south 
side  of  the  St.  Elias  Range,  and  the  Valdez  and  Columbia  Glaciera  of  Prince  T^lliam 
Sound;  but  moat  of  the  other  glacien  of  Alaska  are  little  known. 

*Gft«t  0.     HmiBHi  Akika  Bipeditka.  V«L  ni  190i  ^    Nat.  GMg.  lliiig« 
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Brief  general  lists  or  descriptions  of  the  glaciers  of  Alaska  have  previously  been 
made  by  Muir,»  Pctroff,^  Russell.^  Dall.*  Wright.*  Bakcr.^  Davidson/  Brooks,'  Gilbcrt,» 
Greely,'**  and,  for  indi\'iduai  glaciers,  by  others  listed  upon  subsequent  pages.  The 
glaciers  of  the  whde  territoiy  'were  first  shown  upon  a  map  by  R.  U.  Goode  and 
E.  G.  Bunaid*  publidied  in  tlie  NfttioDal  Geognpbic  MagMiinft  "  and  aftenraidt 
reprodnoed  by  the  Unitod  States  Geological  Survey.** 

Canadian  Coast  Range" 

Olaeiers  near  Portland  and  Behm  Canals.  Beginning  with  the  panhandle  of  south* 
eastern  Alaska  the  first  existing  glaciers  north  of  British  Columbia  are  those  of  the  Bear 
and  Salmon  River  headwaters  of  Portland  Canal,  and  the  Chiokamin,  Ix-duc.  and  Unuk 
River  tributaries  of  Behm  Cuuul.  Here  fifty  or  sixty  valley  glaciers,  Uie  larger  ones 
£  to  10  milct  long  and  1  to  2|  miles  wid^  descend  fram  snowfidds  at  an  devatioa 
of  four  to  ei^t  thousand  feet  and  end  at  cievations  rsnging  from  000  to  8000  feet  above 
sea  level.  None  of  these  ioe  tongUfS,  except  the  Soul^  Glacier  as  yet  bears  a  name. 
Photographs  showing  some  of  them  were  taken  by  the  Canadian  Boundary  Commission 
in  1894,  and  these  photographs,  as  well  as  the  detailed  maps  showing  tlie  glaciers,'' 
are  of  much  value  because  a  second  series  of  photographs  and  maps  made  by  the  com- 
mission engaged  in  locating  the  boundary  in  1906  to  1913  will  show  the  advances  and 
retreats  of  these  ioe  tongues  after  more  than  ten  yean.  The  maps  unfortunately 
are  on  a  smaD  scale  (1:100,000).  They  do  not  go  far  back  into  the  snowfidd  area,  nor 
do  they  show  all  the  ^adem,  particularly  those  back  in  the  interior  of  the  Goast  Range. 
Glaciok^  has,  however,  a  great  aid  here  in  the  two  seta  of  mi^  made  as  a  result  of  the 

t  Mnif^  Jbklk  b  newspaper  notices  cvco  before  Petroff .  Riuaell,  and  Dall ;  Notes  on  the  Padfic  Coast  Gladec^ 
American  Geologiat.  Vol.  XI.  1808*  pp.  287-«99:  Harriman  Alaaka  Expedition.  Vol.  I.  1001.  pp.  11»-1S6. 

« Petroff.  Ivan.  Tenth  Cenmt  of  the  United  States,  1880,  VoL  VUI.  1884.  pp.  24,  85-80,  and  Map  VI  facing 
p.  75. 

•  Russell.  I.  C,  Fifth  Ann.  Ropl..  U.  S.  Gcol.  Survey,  188S-4,  pp.  St8-S,'>5;  Glaciers  of  North  America,  Bostom 
1887.  pp.  74-130;  Scottish  Geog.  Mag.,  VoL  X.  1804.  pp.  405-407  and  map  showing  known  glacten. 

«  Ddl  W.  H..  Gkdatiim  ia  Aluka.  Bon.  niL  Soe,  WMUntloa,  Vd.  8b 

•Wright,  G.  P.,  Ice  Arc  in  Xorth  Ami  rim.  New  York,  1891,  15-35. 

•  Bdcer.  Mmcuh,  Geogmphic  Dictionaiy  fd  Alaska,  HulL  187,  U.  S.  GeoL  Somiy.  1902,  2d  editioB;  BulL 
188^  1888. 

>  OtofidMMW  Geotge,  The  GUuners  of  Alaska  that  are  Shown  on  Russian  Chsitl  cr  MantkMMd  in  OUv  Nail»> 

tires.  Trans,  nn^l  Proo.  Geog.  Soc.  Padfir,      wrios.  Vol  ^,  H>OI,  pp.  1-98. 

•  Brooks,  A.  U.,  Glacial  Phenomena  of  Southeastern  Alaska,  in  Professional  Paper  1,  U.  S.  Geol.  Survey,  1902, 
pp.  81-88;  Geognplij  and  G«ok«jr  ef  Aluka,  Pkofciridul  Fiver  U.  &  GeoLSnmgr,  1888b  pp.  t44-M8^ 
t85-2J)«.  Pis.  XTI  and  XXTT. 

•  Gilbert,  G.  K.,  Glaciers,  Harriman  Ahuka  Expedition,  Vol.  III.  New  York,  1904,  pp.  1-828;  NaU  Geog. 
llag^       XV.  1904.  pp.  448^. 

!•  Greely,  A.  W.,  Handbook  of  Alaska.  1909,  pp.  152-159.  2C5  -267. 
n  Brooks,  A.  H..  Nat.  Gwr.  Maf?.,  Vol.  XV.  1904,  opposite  p.  288. 

"  Professional  Paper  45,  U.  S.  Gcol.  Survey,  1906,  PI.  XXXIV;  Bull.  545,  PI.  I.  1908;  Map  A,  Alaska,  U.  S. 
QcoL  Soragr,  1888. 

«» Some  of  these  glaciers  are  shown  on  Chart  8050,  U.  S.  Coast  and  Geod.  Sim-py,  Dixon  Kntranrf  to  Hpad  of 
Ijmn  Canal;  alao  on  the  map  of  Southeastern  Alaaka  and  a  part  of  British  Columbia,  Showing  Award  of  Alaakaa 
BmradairTribttnal. 

»«  Chart  8100,  T'.  S.  Coast  and  Geod.  Snrvey. 

u  Sh<  <-t.'«  4  and  7,  Atlas  of  Award.  AUskaa  Boondaiy  Ttibunal,  Senate  Docmnent  16^  68th  CongMi^  fld 
Sesaioii,  Washington,  Government  Printing  Offioeb  1801. 
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iiiiv«yu«  neccMsiy  to  the  iMNiiidaiy  miH^  F.  E.  and  C.  W.  Wrigkt  Iwve  biieflj 
illaded  to  these  ^aden  and  tiie  wonderful  facial  aeidptiue  of  the  adjacent  fiocda.' 

In  the  vallej  of  Bhie  River,  and  adjacent  northwest  tributaries  of  Unuk  River  is  an 
interesting  series  of  rweut  lava  flows,  the  latest  tliouf,'}it  to  he  less  than  50  years  old, 
described  by  Morse  of  the  Boundaiy  Surv^.  One  or  more  of  the  small  glaciers  near 
Blue  River  is  covered  with  ashes.' 

OXadtn  tf  8Ukm0  Bi9§r.  On  the  lo«r«r  Stifciiw  Biver  and  partly  in  Canada  aie  tfae 
Gnat  Glacier,  the  Popoff  or  Little  Glacier,  the  Dirt  or  Mud  Glacier,  the  Flood  Glacier, 
and  many  others  shown  on  the  Boundary  Atlas  Sheeta  '  already  referred  to,  and  on  one 
Coast  Sur\'ey  chart  *  and  one  U.  S.  Geolopcal  Survey  map.'  The  Stikine  River  glaciers 
xere  visited  and  briefly  descril)ed  by  Blake  in  1867,*  Hunter  in  1877,^  by  Muir  and  by 
Bell  in  1879,»  by  Dawson  in  1887,'  by  Miss  Scidmore  in  1898,>»  and  others.  Great 
Glacier  is  an  ice  tongue  of  which  only  the  lower  sixteen  miles  have  been  mapped. 
Tin  upper  ^ader  ia  over  4  mika  wide,  the  lower  TaDoy  about  a  mile  wide,a^ 
die  Great  Glacier  spreads  out  to  a  width  ol  four  and  a  half  miles  in  a  piedmont  bulb 
j  vliich  enters  the  Stikine  valley  from  the  west,  forcing  the  Stikine  River  over  to  the 
I  east  bank.  The  terminus' of  this  first  large  glacier  in  Alaska  is  less  than  i50  feet  above  sea 
level.  The  Dirt  Glacier  seems  to  be  stagnant  and  moraine-covered.  Russell  sliows 
photographs  of  Oriebar  and  Bernard  Glaciers  on  the  Stikine  River,"  which  Dawson 
states  are  the  Great  Glacier  and  either  the  Flood  or  Dirt  Gladers  respectively.  The 
dShria  canied  out  from  theie  ^adeia  haa  eanaed  the  Stikine  River  to  build  a  great 
delta  seventeen  miles  wide  which  nearly  ties  Mitkof  Island  to  the  mainland  and  makes 
it  necessary  for  ships  to  go  throui^  the  dangeroua  Wrangdl  Nairowa  in  navigating  the 
Inside  Passage. 

Glaciers  of  Frederick  Sound  and  Stephens  Passage.  This  group  of  ice  tongues  includes 
the  LeConte,  Patterson,  Baird,  Dawes,  Brown,  Sumdum  and  Sawyer  Glaciers  and  the 
unnamed  glatfaia  el  TOiting  and  SpeelBiveri.  They  are  ahown  on  the  Coast  Survqr " 
and  Boundaiy  Survey**  and  Geological  Surv^^  maps.  The  LeConte  Glacier  in  lati^ 
tude  is  the  southernmost  tidal  glader  In  Alaska.  The  Dawes,  Brown,  and  Sawyer 
(^aciersabo  reach  sea  level  and  discharge  icebergs.^*   Thegroiq>of  gbuaecsnearDevil'a 

•  Bull.  347.  U.  S.  Geol.  Survey.  1908.  p.  M  sad  Bup,  PI.  IL 
•Mora*-.  Fremont,  Nat.  Geog.  Mag.,  Vol.  17,  100(1,  pp  173,  17(1. 
■  Atlu  of  Award,  AUnkaii  Boundary  Tribunal,  biie«U  8  aod  9. 

•  Ovt  SMO,  U.  &  CoMk  sad  G«imL  Sorvqr,  im. 

•  Bill!  317.  r.  S.  Geol.  Survey,  1908,  PI.  TIT. 

•  Blaie,  W.  P..  The  Gladen  of  Alaaka,  Buasian  America,  Anwr.  Joum.  So.,  2d  aenea,  VoL  XLIV,  1867.  M- 
m;  Eoon  Brtn  DoiL,  m,  Fut  n.  4eth  Congraai,  fd  ScMloa.  vi^ 

'  Hunter.  J.,  Map  reproduced  in  .Miuskaa  Bosndaij  IMmMd,  11^^  sad  Cfcsils  aeeo^saiyisg  ths  essi  «f 
Gteat  Britain.  Washin^n,  1004.  p.  ^. 

•  BcB.  W.  H..  Scnbner's  Monthly,  Vol.  XVII.  1879,  pp.  805-815. 

•  DSMon,  G.  M.,  G«ol.  and  Nat.  Hiat  Survey  Gusdm  Abb.  Bqit.  VoL  IIL  But  %  UBSl  |^  018-6811. 
•  SsUmore.  E.  R.,  Nat.  Grog.  Mag..  Vol.  X.  1899,  pp.  5-0. 

a  MmnX  L  C.  5tli  Ann.  BepL,  U.  S.  Ged.  Survey,  188S-1884.  PL  LIV  and  LV. 
w17.  &  GoMt  and  G«od.  Somy,  ClwHs  aioa  «nO,  8800. 

w  Allw  of  Award,  Alaskan  Boundarj-  Tribunal,  ShoeLs  9,  10,  11,  12. 
M  BalL  887.  U.  S.  GeoL  Survey,  1906,  PI.  XXXVI;  Bull.  S47.  1908.  PL  UI. 
I       »  8m  deMtiption  by  Sir  Geotge  SimpMo  in  Sq>tember,  1841,  Journey  Bouad  the  World.  VoL  I,  p.  818,  quoted 
Iqr  XlDlib  Gwf.  J(DaiB.»  VoL  n?,  UB8^  1^  m-^M. 
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Ihamb  are  the  southCTunost  Alaskan  glaciers  seen  from  the  iteamer,  F&ttenon  Glacier 
bdng  visible  from  the  north  end  of  Wrangdl  Narrovs. 

The  increase  in  glaciation  with  increase  in  latitude  may  be  shown  by  the  loirer  snowline 
on  Mt.  Sumdum,  than  on  the  mountains  to  the  south,  as  well  as  by  the  presence  of  tidal 
glaciers.  Larger  glaciers  appear  now,  the  shorter  arm  of  Baird  Glacier  being  sixteen 
miles  long,  the  longer  tributary  being  certainly  over  17  miles;  but  its  whole 
length  has  not  been  mapped.  They  advance  from  vast  snowfields  whose  extent 
is  not  yet  known.  9omt,  notably  fhe  Dttww  and  Baiid«  an  libmifh  §kui9n,  or  iee 
tongues  which  flow  in  opposite  directions  from  a  oommon,  flattish,  snow-ooYond 
divide.  Some  of  the  glaciers  of  this  region  bifuvcate  so  dose  to  their  terminus  that  one 
name  is  used  for  both  arms,  as  in  Baird  Glacier.  The  name  Dawes  is  used  for  two  ad> 
Jacent  glaciers  which  formerly  were  one.    The  same  is  true  of  the  Sawyer  Glaciers. 

The  extreme  glacial  erosion  and  the  lack  of  glacial  deposits  in  southern  Frederick  Sound 
has  been  pcintod  out  by  the  Wrights.^ 

Kloti  determined  that  LeConte  Glacier  retreated  a  half  mile  between  the  time  of  mak- 
ing a  Coast  Surv  ey  chart,  probably  in  the  late  eighties,  and  1893.'  The  bay  it  enteia  ii 
called  Hutli  or  Thunder  Bay  from  the  noise  made  by  the  discharge  of  icebergs,  accord- 
ing to  John  Muir  wlu)  visited  this  glacier  in  1879.*  Icebergs  then  filled  the  bay  for  ten  or 
twelve  miles.  Patterson  Glacier  was  advancing  and  destroying  trees  in  1891  according  to 
the  Pacific  Coast  Pilot  of  that  year>  Baird  Glacier,  not  to  be  confused  with  the  other 
Baud  Gladen  of  theTamimaBiverandTniiteFtas,haebeenetiidiedbyK^ 
detenoifaied  its  nte  of  movenunt  and  nte  of  mating  in  1804. 

HoUdiam  Bay,  at  the  base  of  Mt.  Sumdum,  with  its  branches  Endicott  and  Tracy 
AimStia  said  by  Muir®  to  be  one  of  the  most  interesting  Alaskan  fiords.  It  has  four  tidal 
glaciers  and  a  hundred  or  more  glaciers  of  the  second  and  third  class.  The  iceberps 
interfere  with  navigation  by  large  boats  and  it  is  often  difficult  to  reach  the  tidal  glaciers 
in  mall  canoes. 

The  nrniamed  ioe  tongues  of  Speel  and  Whiting  Biveis  aie  enDWidingly  attenuated* 

narrow  glacien,  6  or  7  miles  long  and  a  tenth  to  a  quarter  of  a  mile  wide. 

Glaciers  of  Tahi  Inlri.  This  beautiful  fiord  just  south  of  Juneau,  is  visited  annually 
by  thousands  of  tourists  and  the  Taku  Glacier  has  become  one  of  the  best  known  in. 
Alaska,  esperially  during  Lhe  past  15  years  when  Muir  Glacier  has  been  less  accessible 
and  has  lost  beauty  through  retreat  and  loss  of  height.  Within  the  fiord  are  also  the 
Norris,  Wii^t*  and  Twin  Gkcien,  besides  a  few  smaller  i^acieis  up  the  Taku  Bivtar»' 
Imt  tike  Teku  Glacier  is  fhe  only  one  discfaafging  icebergs.  These  gladets  are  shown  on 
several  nu^  '  and  there  are  also  innumerable  smaller  glaciers.  Muir  says  forlgr-five 
glacieis  are  visible  from  a  steamer  sailing  up  the  middle  of  Taku  Inlet.' 

1  Wiight.  F.  E.  and  C.  W..  BulL  847.  U.  S.  GcoL  Somgr.  IMBb  p.  M  aad  PL  IIL 

« KloU,  Otto,  Gcog.  Journ.,  Vol.  14,  1899.  p.  584. 

•  Muir,  John,  Amer.  Geol..  Vd.  XI,  1888,  p.  891. 

•Bflid>H.F.,  y«iktiouor6laet«^J«iin.GeoL, Vbl.yiII,lSO0tp.in. 

•Klof^OttO^Anim.  Ccol.,  Vol.  TIT,  1895,  pp.  512-518.  « 

•  Muir,  Jahn.  Harrimaa  Alaska  Expedition.  Vol.  I,  1901,  p.  1S6. 
t  Hayea.  C.  W.,  Nat.  Geog.  Mag.,  Vol.  IV,  1898.  p.  181. 

•  U.  S.  Coast  and  Geod.  Sun  ey.  Charbi  8050,  8300;  Atlas  of  Award.  Alaskan  Boundary  Tribunal,  Sh—to  f 
Ud  IS;  PI.  19.  Vol.  IV.  Nat.  Cot'.  Mag..  189«:  PI.  XXXVI,  Hull.  S87,  U.  &  GeoL  Surv^,  1908. 

( Muir,  John,  Harrimao  Alaskan  Expedition,  Vol.  I,  1001,  p.  1^3. 
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Takn  Glacier  for  which  the  names  Schuln  Glader  and  Foster  Ghcier  were  tempo- 
rarily used,  is  30  miles  lorifr,  heading  to  the  north  on  a  5,500-foot  snow  divide  as  a 
throu^  glacier,  the  other  end  of  which  flows  down  the  east  side  of  the  Canadian  Coast 
Range.  This  may  be  the  Llewellyn  Glacier'  of  Athn  Lake.  To  the  northwest  it  shares 
nowfields  as  a  through  glacier  with  Mmdenhall  and  Herbert  Glaciers  of  Lynn  Canal 
ndNocfisGlaeieroflUcabilet  Talm  Glacier  nocivw  at  leait  ten  trilmtariM,  from 
hilf  mile  to  a  mile  and  a  hdf  wide,  the  nuJn  glacier  being  two  to  three  in^  Itgives 
off  two  glacial  distributaries,  one  of  which  feeds  the  west  half  of  the  T%\-in  Glaciers  of 
Taku  Inlet.  The  sea  front  is  a  little  over  a  mile  wide  and  200  feet  high  and  has  been 
described  hy  Vancouver,*  Muir,'  Russell,*  and  many  others.*  Taku  Glacier  suffered 
severely  during  the  Yakut&t  Bay  earthquakes  of  September,  1899,  but  had  a  net  ad\  auce 
hetmiim  and  1000.*  NofriiGlader,  to  lAidi  the  Dane  IViadnn  Glacier  waatemp^ 
nofly  ^iplied,  !■  vqiotted*  to  have  loat  part  of  its  cod  foDowiag  the  1899  eartiMiuakei. 
periiaps  because  of  washing  away  of  supporting  gravels. 

GlacUrs  East  of  Lynn  Canal.  On  the  east  side  of  this  great  fiord  a  group  of  glaciers 
descend  from  the  snowfields  of  the  Canadian  Coast  Range,  the  better-known  valley  gla- 
ciers, named  in  order  from  Juneau  northward  to  Skagway,  being  tlie  Mendenhall,'  Her- 
bert, Eagle,  Meade,*  and  Ferebee  Glaciers.    They  are  well  shown  on  a  number  of  maps.*" 

Beridei  tiiese  laiye  gladeta  that  hear  naoM  then  aie  aa  many  gladen  of  eqoal  8^ 
that  are  as  yet  nnnamed  because  not  seen  from  I^nn  Canal,  as  fey  CTample  thefts 
*— — fa***«"g  ttB  to  fifteen  miles  back  from  Lynn  Canal'in  the  valleys  draining  to  Bemers 
BiQr*  There  are  also  hundreds  of  minor  glaciers,  such  as  the  Lemon  Creek  Glacier  and 
odiers  near  Juneau,**  and  the  glaciers  on  the  north  side  of  Lion's  Head  Mountain,  Bemers 
Bsy" 

The  region  from  whidi  the  Mfmdenhall,  Taku,  and  adjacent  ^adeis  extend  is  a  ^rpical 
ice-floodcd  region,  an  area  of  many  square  miles  between  Taku  Inlet,  Lynn  Canal,  and 

the  international  boundary  having,  according  to  the  map,  a  larger  proportion  of  snow- 
fields  and  valley  glaciers  than  of  projecting  mountain  ridges  and  isolated  peaks.  Many 
of  the  ice  tongues  are  through  glacters. 

>  Gwmim.  J.  C,  Geol.  Furvey  of  Caiuula.  Ann.  Rept.  Yd.  XD.  laOt,  pp.  UB-UB  aed  Tli. 
t  Quoted  by  Klot^  Geog.  Jouto.  VoL  XIV,  1809,  p.  fiSl. 

•  IMr.  John.  Am.  Geol..  XI,  18M.  p.  fM. 

«  BihkQ,  I.  C.  Glaciers  of  North  America,  Boston.  1897,  pp.  78-80. 

*ForcmnpIe,  Davi<ison,  Genrge,  Trans,  and  I'roc.  Geog.  Soc.  Pacific,  Vol.  Ill,  1904,  pp.  79-61. 
Sgettoo,  H.  G.,  Alaaka  and  Ita  Glaciers.  Ninctceatii  Century,  Vol.  Si,  p.  1001. 
W8er— ~*  EUa,  Ahda,  tlw  Great  Country,  New  ToA,  IM8^  pp.  110-lUl 

GrrrW.  A.  W..  HandWk  of  Alaska,  New  York,  1900,  pp.  155-154. 

•  Bdd.  H.  F.,  VariatioDs  of  Gladen,  Joum.  Gvol.,  Vol.  XIII,  1905,  p.  817;  Same,  Vol.  XIV,  1906.  p.  400. 

•  Beld.  H.  F..  Tarfiiiau  of  CheiMk  loon.  GmIh  Vd.  XI,  im,  p.  t6& 

•  Knopf,  A..  Bull.  50«.  U.  S.  Geol.  Survey.  191«,  pp.  ll-lS,  82-83,  and  PI.  I. 

•  Sheldon.  Charles,  The  Wilderness  of  the  Upper  Yukon,  New  York,  1911.  pp.  172-174. 
»  Coast  Surrey  Charts  8050.  8300,  8302.  8308. 

AUaa  of  Award,  Alaskan  Boundary  Tribunal.  Charts  UL  lU,  17. 
BuU.  287.  U.  S.  Gcol.  Survey.  190«.  PI.  XXXVIII. 

u  EUiidge,  G.  U.,  Maps  and  Descriptions  of  Routes  of  Exploration  ia  Alaska  in  1898.  U.  S.  Geol.  Survey, 
Washhsfinv  UM,  p.  lOi. 

Juneau  Special  Map,  lOOt.  T'.  S.  Geol.  Survey. 

tt  Knopf,  A..  Bull.  446,  L.  S.  Geol.  Survqr.  1911,  IS  and  PI.  I;  Betnen  Bay  Special  Map.  ^Uaska, 
ttsilllo.  fSl,  1906,  U.  8.  G«L  Swqr. 
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None  of  these  glaciers  are  now  tidal,  although  Mendenhall  Glacier,  which  is  17  miles  | 
long  and  two  to  three  miles  wide  at  its  terminu.s,  descends  to  within  less  than  100  feet  of  | 
sea  level.    References  to  floating  ice  here  in  1794  by  Vancouver's  lieutenant,  ^^^lidhey, 
and  by  Sir  George  Simpson  in  1841,  as  well  as  the  Admiralty  and  Hydrographic  charts 
of  1885  and  1809,  have  convinced  Davidson  that  Mendenhall  Glacier  reached  tidewater  , 
Infhoseyean.'  He  quotes  Manson'sobseryations,  based  on  a idncr'ssttlmi^ 
denhaU  Gladw,  as  proving  a  retieat  of  40  or  M)  feet  a  year  betireen  IBM  and  IM^ 

Davidson  has  briefly  described  the  glaciers  and  gladation  of  the  head  of  Lynn  Canal  | 
or  Tniya  Inlet  *  and  Schwatka '  has  described  the  Saussure,  Baird,  and  several  other  j 
small  glaciers  between  Lynn  Canal  and  Lake  Lindernunn.    Andrews  reports  that  eight 
glaciers  near  Skagi^i'ay  were  ail  retreating  rapidly  in  1U03,  one  having  gone  back  30  or  40 
feet  ammal^  sfaioe  180A.«  Hie  Krause  brothers  visited  some  of  these  gUciers  in  1881.* 
Denver  Glacier  is  visited  annuaUy  by  hundreds  of  tourists. 

White  Pass  and  Chilkoot  Pass,  which  were  crossed  by  thousands  ol  gold-seeking  proa- 
pectors  in  the  rush  to  the  Klondike  during  the  late  nineties,  are  not  covered  by  glaciers, 
although  there  are  many  ire  tongues  in  the  mountains  nearby.    These  passes,  ^,600  and 
8,600  feet  resi)ectively  above  sea  level,  were  snow-covered,  however,  at  the  time  of  the 
rushes,  especially  in  the  early  spring.    RusscU  has  called  attention  to  the  5  or  6  small  j 
^aders  sem  by  him  in  1889,  and  commented  upcm  the  fact  that  those  on  the  north  side  I 
of  the  Coast  Range  are  mudi  smaller  than  those  on  the  south*  where  he  saw  forty  small  j 
l^iers  from  a  single  viewpoint.  In  1896  J.  E.  Spurr  observed  that  the  ^adeia  on  the 
south  side  of  the  Coast  Range  were  retreatiog.' 

St.  Eli.\s  Range 

Glaciers  Wt\st  of  Lynn  Canal.    On  the  west  side  of  T.ynn  Canal  a  series  of  glaciers  de- 
scend from  the  slopes  of  the  St.  Ellas  Range,  though  none  reach  sea  level.*    These  include 
a  number  of  valley  glaciers  in  the  region  drained  by  the  western  tributaries  of  tilie  Cbil-  j 
kat  River,  indudhig  the  "Kaupp,  Leslie,  Jarvis,  Le  Blondeau,  TaUun,  Bertha,  and  Garri- 
son Glaciers  and  the  glaciers  whose  streams  flow  directly  to  Chilkat  Inlet  or  Lynn  Canal,  I 
such  as  Rainbow  Glacier*  the  well-known  piedmont  bulb  of  Davidson  Glacier,  and  a  series  j 
of  unnamed  ice  tongues,  some  of  which  are  through  glaciers  descending  from  the  snowfields 
that  also  feed  Muir  Glacier  on  tlic  west  side  of  the  same  range.    Wright  has  discussed 
the  general  glaciation  of  the  Porcupine  gold  district.' 

>  DavidMO,  Geoige,  The  Glaciers  of  Alaaka  that  ace  Shown  on  Russian  Charts  or  Mentioned  in  Older  Narta- 
tfvw,T^aBS.  aad  Fkoe.  Gtog.  Soe.  VuStte,  Vol.  m.  IMt,  pp.  7B-79. 

•BdL  Fhila.  Geog.  Soc.,  Vol.  11.  1000.  pp.  108-114. 

•  f^icnrr,  Vol.  III.  1881,  p.  220;  Rpport  (if  a  Military  Reconiiai.<»ancp  Made  in  AUlkm  in  1888^  GunpiUtaOtt 
of  Narratives  of  Exploration  in  Alaska,  Wajihington.  1900,  pp.  and  map. 

« Quoted  ty  Hrid.  H.  F„  VaihtioM  of  GMm,  Jfanm.  Qtel.,  Vol.  Xn.  190*.  p.  m 

>  Kr  uLsc.  Arthur  and  .\urcl,  Erpcbniasc  cincr  Reiso  nach  der  Nordweat  KUste  von  Amerika  und  der  i 
Berings-Strasse,  Jena.  1885;  Kcause.  Arthur,  Zeitschrift  der  G«a.  fUr  Erdkunde  xu  Berlin.  Vol.  XVIII.  188S.  i 

•  Quoted  by  Reid.  H.  F..  Variations  of  Glaciers.  Joam.  Gaol,,  YoL     108T,  p.  (81.  I 

•  Coast  Survey  Charts  8050,  8300.  8302,  8303. 

Atlas  of  Award.  Alaskan  Boundary  Tribunal.  Sheets  14. 17. 18.   

n  Zia»  tlA  in.  Bfpt.  U.  &  G«iL  Binv.  Flut  n.  U8B-1900;  n  XXX^ 

Survey.  190«.  ! 

•  Wi^thW  C.  W..  BoB..  in,  U.  S.  Geoi  Sunregr.  1904.  pp.  14. 18-19.  and  PI.  II.  V. 
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In  ihm  regkm  the  TiUiin  and  Le  MondeMi  Gladen  are  of  opedlal  interest  becanae 
they  seem  to  have  blodced  the  Takhin  valkgr,  about  25  miles  west  of  Haines  Mission, 
diverting  the  upper  ten  miles  of  this  stream  northeastward  into  Salmon  River  or  Tsirkii 

Creek  which  flows  into  Chilkat  River  at  Khikw.in  '  Rainy  Hollow  Glacier  had  an 
advance  of  over  2000  feet  between  June  and  September,  1910,  as  observed  by  Webster 
Bkown.' 

Dttvidsoii  Gbeiei  which  hM  been  desciibed  1^  Davidaoii,  Rake,  Mvir,  Meehan,  Bne- 
•eO,  GJbert,  and  others  '  seems  to  have  been  one  of  the  first  bulb  gbuaers  recognised  in 
Akska,  Russell  having  described  and  explained  its  fan-shaped  terminus. 

Glaciers  of  Cdacier  Bay.  These,  the  most  visited  glaciers  in  Alaska,  include  the  Muir, 
Camtll,  and  Rendu  ice  tongues  that  flow  soutli  or  west  from  the  portion  of  the  St.  Elias 
Bange  just  described,  the  Wood,  Geikie,  Charpeutier,  Hugh  Miller,  and  Johns  Hopkins 
Glacien  that  flow  eastward  from  the  Fairweather  Range,  and  the  Grand  Pacific  Glacier 
irineh  flowB  sovUiwaid  between  fheae  two  divisions  of  the  St  Elias  Bange,  headittg  as  a 
Ihraai^  ^bcier,  as  does  the  northern  part  of  the  Muir,  on  a  flat  divide  that  sends  an  ice 
tongue  northward  to  the  Alsek  River.  There  are  eleven  tidal  leaders  here,  of  which  Muir 
Glacier  alone  has  a  drainage  area  of  over  800  square  miles  and  over  S60  square  miles  of 
glacier  surface.    Its  two  main  triliutaries  are  '20  and  22  miles  long. 

Glacier  Bay  was  visited  by  \  ancouver  in  1794  and  later  by  several  of  tlie  Russian  ex- 
plofen.  The  modetn  visits  begin  with  those  of  lientenant  Wood  in  1877*  and  John 
lCnirinimaaidl880.*  Glacier  Bay  was  discovered  in  the  sense  of  being  made  faKwm 
to  ttie  world*  by  John  Muir,  whose  name  is  fittingly  attached  to  the  grandest  of  its 
glaciers.  After  Muir's  \'isits,  Muir  Glacier  was  first  .studied  .scientifically  by  G.  W. Lam- 
plugh  in  1884  ^  and  by  G.  F.  Wri^jht  in  1886.*  All  the  ice  tongues  were  studied  and 
mapped  carefully  by  H.  F.  Reid  in  1800  and  1892,'  H.  P.  Gushing  sharing  the  observa- 
tions of  Muir  Glacier  in  1890.''  I.  C.  Russell  also  made  brief  observations  of  Muir 
^ader  in  1800.*^  The  i^;ion  was  remapped  by  the  Canadian  Boundaiy  Sumy  in 
18l>S.»«nd  feviailed  by  Muir  in  18M.» 

I  See  n  XZXm  Bon.  M7.  v.  8.  <3«oL  Sam^. 

iJootn.  Geol.,  Vol.  XXI.  1013.  p.  426. 

*Davidwii,G«oiie^Houie£xtmI>oc.  177,  40th  Coi^rei^  »d  mmIod,  VdM,  p.  fW;  Gbckw  d  Ahala,  «tc, 
lkBiM.aadftoe.G«of.8oe.Padfie,VoLm.  1904,  pp. 

Blake.  T.  A.,  Huu»e  Ex.  D(x..  40th  Congress,  td  niwilW.  lM8i  p.  811. 

Muir.  John.  Amir.  Gt-ol.  Vol.  XI,  189S,  p.  298. 

Mcebao,  ThomM,  Notes  on  Glackn  in  Alaska,  Proc.  Philadelphia  Acad.  Science,  188S,  £49-255. 

RmmH.  L  C  BUL  G«oL  8oe.  Am..  ¥oL  I.  liMk  p.  IM. 

Gilbert,  G.  K.,  Ifarriman  .\l<u«ka  Expedition,  Vol.  Ill,  IMMi,  pp.  It-U. 

«  Wood,  C.  £.  S.,  Centuiy,  VoL  11.  1882,  pp.  SSS-SS5. 

•  Midr»  Ma.  Amer.  GcoL.  YoL  H,  UOS.  pp.  294-S9B;  Centtuy.  Vol.  XXVm.  18>9,  pp.  fSfr^;  flaninaa 
Alaska  Expedition.  Vol.  1.  19M^  pp.  125-128.' 

•  Sddmorr.  E.  R..  The  Discovery  of  Glader  Bay.  AUaka.  NaL  Gcog.  Mag..  VoL  VII.  180«.  pp.  140-140. 

«  Nature,  Vol.  S3. 1886.  pp.  299-301. 

•  Wiight.  G.  F.,  Amer.  Joura.  Sd,  ToL  XUiU.  UBT.  pp.  1-18;  loe  Aga  Id  North  AnMriai.  IWU  pp.  a»^; 

Man  and  the  Glacial  Period,  1892,  pp.  24-30. 

•  Bdd.  H.  F..  Studies  of  Muir  Glacier,  Alaska.  Nat  Geog.  Mag..  Vol.  IV.  1892.  pp.  19-84;  Glacier  Bay  sad 
Ito  Clacienk  letfa  Aon.  Bept.  U.  8.  G«oL  Somgr*  M  1. 1808.  pp.  4fil-ML 

>•  Amcr  Geol.,  Vol.  VIII.  1891,  pp.  207-230. 
u  Amer.  GeoL.  VoL  IX,  1892.  pp.  190-197. 

i>  AUm  of  Ainod,  Aladcan  Boundaiy  Tribonal  Sheets  14. 15, 16. 17. 18, 10. 
•  8w  B.  r.  BtidTs  ytMiam  «f  Ghcknk  Joer.  GooL,  T«L  V,  1887,  p.  881. 
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The  Harriman  Alaska  Expedition  visited  Glacier  Bay  in  1899  and  John  Muir  and  G.  K. 
Gilbert  studied  the  glaciers  and  placiulion.'  Andrews  and  Case  *  made  brief  observa- 
tions of  Muir  Glacier  in  190^,  and  a  United  States  Geological  Survey  Expedition  in  1906, 
under  charge  of  F.  E.  and  G*  W*  Wri^^t,  made  detailed  atudies  and  maps,  as  yet  only 
jmblifliied  in  abatract*  In  1907  the  Bcnmdafy  Survey  woA  MBultod  in  additiaaal  ol>> 
aers'ations  which  have  been  briefly  deacxibed  by  Klotz  *  and  by  Morse  *  and  more  leoently 
published  in  a  new  United  States  Coast  and  Geodetic  Survey  chart  •  vdiose  comparison 
with  that  of  1892  '  shows  the  frreat  glacial  retreat  that  has  been  going  on  in  this  region 
and  wliich  has  been  summarized  by  H.  F.  Reid.*  In  1911  Glacier  Bay  was  visited  by 
the  authors  of  this  book  *  who  found  most  of  the  ice  tongues  retreating,  though  Rendu 
Glacier  had  advanced  1|  miks.  In  1918  the  Grand  Padfie  Glader  ipaa  mapped  by 
N.  J.  Q^vie  of  the  Canadian  Boondaiy  Survey,  who  found  that  H  retreated  H  miles 
during  two  months,  making  a  new  Canadian  harbor.'**  In  1913  Glacier  Bay  was 
visited  by  an  excursion  of  the  International  Geological  Congress."  Afterwards  the 
junior  author  of  this  book  studied  several  of  the  ice  tongues  of  Glacier  Bay,  finding 
that  Grand  Pacific  Glacier  had  readvanced  and  destroyed  the  new  Canadian  harbor,** 
and  that  the  Beid,  Lamplugh,  and  de  Margerie  Glaciers  had  also  advanced.  A  great 
number  of  popular  descriptioiia  of  Muir  and  other  Glacier  Bay  ice  tongues  havv  bean 
written.** 

Davidson  has  summarized  the  information  based  upon  the  maps  and  reports  of  Van- 
couver, Tebenkof,  and  the  Russian  navigators  and  agrees  with  Wright  and  Reid  that 
Muir  Glacier  and  the  other  ice  tongues  of  Glju  icr  Bay  extended  25  to  40  miles  farther  to 
the  south  in  1794.  He  also  refers  to  native  legends  of  the  greater  extension  of  these 
gladesrs.** 

Muir  Glacier  receded  about  1|  milef  between  Muir's  obaervationa  ol  1879->1880  and 
Raid's  in  1890  and  the  several  fronts  of  Grand  Pacific  Glacier  retreated  from  one  to  aiz 
miles.  Between  1890  and  1892  Muir  Glacier  advanced  about  800  yards,  retreating 
about  the  same  amount  between  1892  and  1894.  Between  1879  and  1896  Rendu  and 
Carroll  Glaciers  retreated  2  to  4  miles.  Between  1899  and  1907  Muir  Glacier  retreated 
about  8^  miles  and  Grand  Fficific  Glacier  about  8  miles.   The  rapid  retreat  of  the 

>  Harriman  Alaska  Expedition.  Vol.  Ill,  \90i.  pp.  l9-9t* 

•  NftL  G«og.  M»g^  Vol.  XIV,  IMS,  pp.  441-444. 
•loonb  GnL.  VoL  XVI.  IMQ,  iip.  SMS. 

•  Xbl^  Otto.  Geog.  Journ.,  Vol.  XXX.  Id07.  pp.  41»-421. 

•  Morae,  Fremont,  Nat  Gesg.  Mag.,  VoL  XIX.  1808*  pp.  70-78. 

•  Chart  8308. 
*autBO0B. 

•  VsrUtkos  of  GlMHi%  Joom.  GeoL.  VoL  IX.  XMl.  ^  ttS;  X>  IMil  |k  S17;  XI.  m  ^  187^ 
158-860. 

tSee  H.  F.  fidd*!  Voriatiaiu  of  Ghden,  Isam.  GooL.  VoL  XXI,  MIS.  pp.  4U^tM. 

»>Lartin,  Lawrence,  Ghici.  rs  iind  IntflnwtiooBi  Bondoriet.  SdemtiOc  AnioricaB  SqpplonMt,  Vol. 
LXX\T,  191S.  pp.  129.  1S6  138 

u  Martin,  Lawrence,  Guide  Book  No.  10.  'Exevrmaa  C  8.  International  Geological  Coogreas.  Ottawa* 
1918,  pp.  ltl-132,  and  taUe  of  Cfiata. 

«t  Martin,  Tjiwrcnoe.  Tlie  Literary  Digest.  Vol.  XLVII.  No.  12«9,  Nov.  8^  181S,  p.  871,  and  thiOa  BU^M, 

u  Bnrrougiu,  John.  Harriman  Alaska  £]q>editioii.  Vol.  I,  1902,  pp.  85-i8. 

BlMtOi^  H.  6«  Aladea  aad  Ila  Gkdm^  NiBileeDA  0eBlai7»  ^ 

u  Dnidna,  G«oi|ib  Tnm.  tad  Ftoe.  Goog.  Soc  Ibsttc;  VoL  m,  1001^  pp.  68-78. 
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leoeut  period  began  just  after  the  HarrinUHi  Bzpedition's  observations  in  June,  1899, 
and  seems  to  have  been  initiated,  and  perhaps  somewhat  hastened,  by  tlie  aW^lriiig  during 
the  severe  Yakiibit  Ray  earthquakes  of  September,  1899,  but  in  large  part  as  a  result  of 
the  increased  area  of  ice  front  ex[)osed  to  icelierg  discharge.  Tlie  rai)id  retreat  of  Muir 
Glacier  has  resulted  in  the  lu&s  of  much  of  its  scenic  beauty  and  in  its  relative  inaccessi- 
biKtar  to  tonriit  •taamm  betwiecii  18M  and  1009  because  of  tiie  inereued  amoiuit  ni 
floatingioe.  This  lelieat  is  abodMBwmberfng  the  leader  §1^^ 
separate  ice  fronts  is  continually  increasing. 

Alexander  Archipelago.  Chicagof,  Baranof,  Kruzof,  Admiralty,  Kupreanof,  and  Prince 
of  Wales  Islands  and  the  smaller  islands  of  the  Alexander  Archipelago  seem  to  liave  all 
been  glaciated  but  only  small  glaciers  are  known  to  linger  upon  them.  Brooks  shows 
two  small  glaciers  upon  Baranof  Island  east  of  Sitka  ^  on  one  ol  his  maps  and  Knopf 
baa  alhided  to  seven!  small  glacien  here.' 

Olaeien  on  Pac^  Coad  Fairtoeather  Range.*  There  are  a  mimber  <d  ice  tongues 
diat  flow  south  or  west  from  the  Faim  eather  Range  either  to  Cross  Sotmd  and  Icy  Strait 
or  to  the  Pacific.  Among  these  is  the  Brady  Glacier,  a  through  glacier  heading  on  the 
divide  witli  Reid  Glacier  of  Glacier  Bay  and  liaving  a  length  of  27  miles  and  a  width  of 
2|  to  6  miles.  It  is  not  tidal  but  ends  within  £  miles  of  Taylor  Bay.  It  advanced  5 
miles  between  1704  and  1804,*  and  Mnfar  reports  that  it  was  advaadog  and  destroying 
tneainlSOO.* 

LaPerouse  Glacier  is  a  small  piedmont  glader  near  the  bass  of  Mt.  Fairweather,  and 
and  the  only  Alaskan  ice  tongue  that  enters  the  oi>en  ocean  and  discharges  icebergs  at 
present.  It  was  visited  and  studied  carefully  by  G.  K.  Gilbert  in  June,  1899,*  when 
he  found  that  it  had  retreated  one  or  two  hundred  yards  from  a  forest  edge  into 
whidi  it  was  advancing  in  September^  1805,  as  shown  by  a  photograph  from  a  Fish  Com- 
nimkm  vessel  The  jimior  author  on  October  B,  1004,  Mid  both  (rf  us  in  S^rtember, 
1009,  saw  LaPerouse  Glacier  bom  a  steamer  dose  in  dMne  and  it  had  then  relieated  still 
farther  from  the  forest  than  when  Gilbert  was  there  ten  years  before.  The  same  was  true 
in  1906  when  the  Wright  lirothers  of  the  United  States  Geological  Surv-ey  were  there.' 
Between  September  4,  1909,  and  June  10,  1910,  when  the  junior  author  was  fortunate 
enough  to  see  the  glacier  from  another  vessel  close  inshore,  the  LaPerouse  Glacier  had  ad- 
▼aneed  across  the  barren  sooe  of  three  to  six  hundred  feet  observed  by  Gilbert,  plus  the 
thewwand  feet  or  so  of  additional  retreat  during  the  ensuing  ten  years,  and  was  onoe 
more  destroying  the  forest  on  both  margins^  as  it  had  been  fifteen  years  before.*  The 
leader  next  east  of  LaPerouse  had  also  retreated  from  a  forest  edge  in  1800  but  was  not 
•dvandug  in  1909  or  1910. 

<  Brooks.  A.  H..  Professional  Paper  45.  U.  S.  Geol.  Sanqr,  VM,  PL  XIL 
«Bu]l.  504,  U.  S.  Gcol.  Survey,  1912.  pp.  10-11. 

•  U.  S.  Coast  and  Gcod.  Survey.  Charts  3089.  8050.  and  8S04:  Coaat  Pilot.  AlaAi,  ftet  1. 1008,  PI.  oppottta 

AtiMof  Award,  Alaskan  Boundary  Trihtinal,  Sheets  15,  16,  IS. 

•  JDtiU,  Otto.  Geog.  Jounu  Vol  XIV.  1890.  pp.  5lt«-«28. 

•  BcH  H.  P..  VaiiiitkM  of  ®Mteik  JoofB.  G«oU  ToL  y,  Uer.  p.  m 

•  Harriman  .\IaAka  Expedition,  Vol.  III.  1901.  pi».80-4S. 

•  Fanoaal  Communication  from  F.  £.  WrighL 

aHarilii^  Iavnocc^  Gletsdwruntenudbiiiigen  Ilngi  der  EOtte  «m  Ahaka,  BetctflMBBS  Gcug.  Mitt., 
JhhiiMif  If  If;  AqfMtMt.  p.  78;  Jam,  GmL,  YoL  XDC,  ISU.  p.  W, 
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Hie  iidftl  ^Uuaexs  that  enter  Litqya  B^r  lunre  advanoedtlto  8  mOee  between  1786, 
when  mapped  by  LaPerouse,  and  1894  when  m^ipcd  by  the  Canadian  Boundary 
Survey.*  Dall*  thinks  at  least  a  mile  of  this  advance  was  between  1874  and  1804.  One 
of  these  glaciers  advanced  another  half  mile  Ik  twccn  1894  and  l!)06.' 

Fartiier  west  is  the  Grand  Plateau  Glacier,  formerly  thought  to  be  nearly  as  large 
a>  the  BfeUquiia  and  Bering  GladetB.  It  is  quite  uneoqUfned  but  is  plainly  viable  feim 
tfaesteamer.  It  was  muned  by  LaF^rouse  and  described  by  VanoouviN*  and  by  Dafl.* 
What  WIS  erroneously  mapped  by  the  Boundary'  Survey  in  1895  as  one  huge  piedmont 
ghuder  was  deariy  seen  by  the  junkir  author  in  1918  to  be  at  least  two  sqiarate  ioe 
masses. 

Glociers  of  the  Lower  Alsek  Hi  nr.  The.se  ice  t(Himies  include  at  least  one  through  glacier 
heading  eastward  on  the  Glacier  Bay  divide  and  a  number  of  through  glaciers  heading 
westwaiKl  on  the  divide  with  the  glaeiees  of  Russdl  Fiord.  They  were  ftnt  seen  by  G^ve 
iriio  came  down  the  AhMkBiver  in  1800**  He  described  five  gnat  i^aeiets,  of  which  the 
lowiNinost,  Alsek  Glacier,  is  the  only  one  bearing  a  name.  One  of  these  is  the  northeni 
terminus  of  the  throuj^h  glacier  called  Grand  Pacific  Glacier  in  Glacier  Bay.  At  lea.st  one 
otlier  is  a  through  placicr  whose  western  termini  arc  Xunatak  and  Hidden  Glaciers  <rf 
Russell  Fiord  and  Yakutat  Glacier,  east  of  Yakutat  Bay. 

The  Alsek  Glacier  and  part  of  the  glacier  system  west  of  the  river  were  mapped  by 
the  Boondaiy  Sorv^  bk  1896.'  Jn  1906  Blackwehler  and  Maddien  visited,  mKppoA, 
and  briefly  described  the  Alsek  Glacier  as  well  as  the  Yakutat  Glacier  and  smaller 
ice  tongues  of  the  mountain  front  between  Alsek  River  and  Russell  Fiord,  *  several 
of  which  had  been  rouphly  mapped  hy  a  United  States  Fish  Commission  party  in 
1901.'  In  190G  and  1908  tlie  Houndary  Commission  parties  a.scended  tlie  Alsek, 
making  more  detailed  maps  and  observations  of  the  ice  tongues  sur>'eyed  by  Glave 
and  the  Canadian  Boundaiy  Survey  party  of  1805.  They  found  the  northern 
tenninus  of  Grand  Padfie  throu^  glacier  retreating  whik  the  glader  at  the  iqiper 
canyon  was  advancing  and  crushing  alder  I)ushes.  The  glacier  next  above  Alsek 
Glacier,  a  terminus  of  the  Nunatak-Hidden-Yakutat  thronph  glacier  system,  was  2J 
miles  back  from  the  river  and  thoroughly  stagnant.  Alsek  Glacier  was  more  active  in 
1008  than  in  1906. 

The  ice-flooded  region  between  Alsek  River  and  Russell  Fiord  is  a  typical  glaciated 
lepon,  with  aU  the  vaUqrs  filled  with  ioe  and  many  detadied  ndges  and  peaks  riai^ 
the  i^acier  and  snowfidd."  Itisadistanceof  80to48milesbythethIOU^gUciersyB- 
>  KloU.  Otto.  Geog.  Joum^  Vol  XiV.  1800.  pp.  6U-ii6. 

•  M.  W.  H..  fai  H.  P.  Bcid's  Yuktioas  «f  Ghdm.  Joan.  G«oL.  Vol.  m  1889.  p.  ttB. 

•  WlWlt.  F.  E.  and  C.  W.,  Jouni.  Geol.,  Vol.  XYl.  1008.  p.  5S. 

•  Vanoouver,  Capt,  George,  Voyage  of  Discovety,  Vol.  V,  London,  1801.  pp.  858-S59. 

•  DaU,  W.  H.,  Journ.  Amcr.  Geog.  Soc.,  Vol.  XXVUI,  1896,  p.  S. 

•  Glave,  E.  J.,  Leslie's  IlliLstratcfl  Newspaper,  VoL  71,  1891;  Century  Magazine.  Vol.  XXII,  p.  8B0. 
'  AUm  of  Ai*aid»  AlMku  fi<KiiidMy  Itiboiid,  Shaet  SOi  PL  VQ.  Fm^^ 

1900. 

■  BhdnnUer,  EHot,  loan.  G«oL.  VoL  XV.  1M7,  |ip.  41S-48S. 

•  PI.  XIJIT,  Bull.  21.  V.  S.  Fish  Commission,  1902. 

>•  Morse,  Fremont,  imd  NetUnd.     Juurn.  Geol..  VoL  XVII.  1909,  pp.  689-670;  aee  alio  photographa.  Nat. 
Geog.  Mag..  VoL  TK,  1900.  pp.  M7. 58e»  908. 
MAIIaxrfAiwid,  itbiJninBoiiaifcqrTkilwBMj.Sh>rt»99«adtl. 
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tak  Glacier  of  Russell  Fiord,  the  valley  glaciers  averaging  two  to  five  miies  in  width  and 
warhilHi  elevations  of  from  2000  to  3000  feet  on  the  highest  divides.' 

This  region  is  one  of  glacier  highways  from  Yakutat  Bay  to  the  Alsek  over  the 
Nunatak  or  Fourth  Glaciers.  Several  hundred  prosf»ectors  utilized  the  Nunatak 
(Third  Glacier)  route  in  1898,  among  them  the  Messrs.  Hill  from  whose  sketches 
the  United  States  Gedo^cal  Siavty  has  compiled  a  map,*  ivliich  diowa  the  seven 
or  more  great  vaDey  gladers  readung  the  western  or  Kasbnraliji  branch  of  Alsek 
River,  and  the  otherwise  unexplored  leaders  east  of  Mounts  Seattle  and  Hubbard. 
A  complex  system  of  through  glaciers  connects  the  l^jjper  Alsek  glaciers  with  tlie 
Nunatak  and  Iluhbard  Glaciers  of  the  Yakutat  Bay  region,  the  distance  over  the  ice 
being  forty  miles  or  more. 

Olaeurt  tf  YdaM  Baft  and  Mt,  A.  EUat,  The  Hidden,  Fourth,  Nunatak,  Variegated,  - 
Hnbbaid,  Haenke,  Tomer,  Blade,  GaUano,  Atrevida,  and  Luda  Gladeis  of  Yakutat 
Bay,  Disenchantment  Bay,  and  Russell  Fiord,  and  the  Hayden,  lfarvin«,  Seward,  Agassiz, 
Libbey,  Tyndall,  and  Guyot  tributaries  of  Mahispina  Glacier  are  to  be  so  fully  desccibed 
in  later  chapters  that  they  will  not      further  discussed  here. 

Glaciers  North  of  the  St.  Elias  Range.  Throughout  this  loftiest  part  of  tlie  St.  Elias 
Range,  10,000  to  19,000  feet,  whose  glaciers  are  still  largely  unexplored,  there  is  uu  intri- 
cate qratem  ol  through  gladeis  filling  the  valley  and  passes.  For  140  miles  from  Alsek 
to  Copper  Biver  no  one  has  ever  yet  crossed  the  range.  A  striking  feature  is  the  smaller 
anmbcr  and  size  of  glaciers  on  the  nmth  or  leeward  side  of  the  range  in  contrast  with  the 
great  number  of  large  glaciers  that  cover  the  south  or  mndward  side  in  the  Yakutat  Bay 
and  Mt.  St.  Elias  regions. 

These  ice-filled  vallej's  of  the  main  St.  Elias  Range  include  unexplored  through  glacier 
tystema  that  extend  from  Yakutat  Bay  to  the  upper  Alsek  as  well  as  to  the  headwater 
fcpona  of  tile  White,  the  Tanana,  and  the  Copper  Rivets.  The  Abruid  party  in  1897 
ttsmed  the  Colombo,  A.  Q.  Sella,  and  other  glaciers  north  of  Mt.  St  EUas.'  TheKaska- 
wulsh  or  O'Connor  or  Slims  River  Glader  is  perhaps  the  northern  terminus  of  the  Hub- 
bard through  placier  system.''  Its  two  streams  flow  one  to  the  Alsek  and  directly  to  the 
I'acifif  Ocean,  the  other  to  ^^^litc  and  Yukon  Rivers  and  Bering  Sea.  In  1899  and  1904 
Kaskawulsh  Glacier  was  retreating.^  Other  north-iiowiug  ice  tongues  of  the  St.  Elias 
Range  are  the  two  Donjek  River  gkKders.  20  to  £8  miles  long,  the  Khttlan  Glacier,  and 
the  BasseD  Glacier,  shown  on  seveial  maps  *  and  briefly  described  by  Hayes  in  1891/ 

tUapaUUKd  Map,  IMW,  Sheet  2846,  Ardiives  U.  8.  CoMt  Mid  GeodeUc  Surv^. 
>  Abek  River  Reinon,  I:  360,000.  1905,  unpublUhed. 

•The  Aacent  of  Mt.  St.  Elias,  lx)niion,  1900.  pp  156-160. 

«  Map  of  Kiuaoe,  White,  and  Alsek  Itivers,  Vulion  Terr.,  Dept.  of  Int.,  Canada,  1005. 
•  BMofa^  A.  H,,  fllst  Aim.  Rcpt.  U.  S.  GmL  Snrw,  Vtet 

M<<  onnell.  R.  G.,  the  KImom  Ifidsff  Diatfict.  G«oL  Sarvagr  of  Gnndi,  Ann.  Eept,  1901  Vol  XVI. 
pp.  SA,  9A.  lOA.  aad  Map  BM. 
•Mht.  Gcof.  M^..  YoL  IV,  ISSf.  n.  to. 

Sift  Ann.  Rept.,  U.  S.  Geol.  Survey,  1890-1900,  Part  H.  PI.  XLIII. 

Map  of  Kluane,  ^\'hite  and  Alsek  Rivers,  Yukon  Terr.,  Dept.  ot  Int.  Canada,  1905. 

frofessioDal  Paper  41,  U.  S.  Geol.  Sur\'ey,  PI.  XX. 

CUfaa  QwidM^       001.  Abda.  U.  a  GmL  SnmT;  MimQpMU 

U.  S.  Grol.  Survey. 
'  Hayes,  C.  W.,  Nat  G«og.  Mag..  VoL  lY.  180S.  pp.  151-154. 
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bj  Biookf  in  1800^  and  by  Moffit  and  Cappt  in  19Q6»* during  whidi  time  ilMgr  httve  ap- 
pwantly  been  xeUeatng  vmtondy.  Logan  Glacier,  northweetel  Mt.  St  Eliaa  al  tiw 
headwatera  of  the  Chitma  Biver,  waa  diaooveied  fagr  the  Boundary  SvrveoT  in  lOlt 

ivben  it  waa  advancing. 

Glaciers  of  the  Wrangell  Mountains.  One  of  the  most  compact  systems  of  Alaskan 
glaciers  is  tliat  upon  the  Wrangell  Mountains,  10,000  to  16,000  feet,  where  the  Drop, 
West,  Copper,  Jackaina,  Nabesna,  Chisana,  and  minor  glaciers  flow  northward,  while 
the  Fndenka.  Niaina*  Bohn»  Regal,  Kenmoott,  Kiudndana,  KliiTeina»Long,  Cheahmna» 
Chetadina,  DacBna,  Nadina,  and  others  flow  sooth.  Nabesna  Glacier  is  &5  miles  kmg 
and  t|  miles  wide.  Kennicott  Glacier  is  10  miles  long  and  2  to  S  milea  wide.  These 
,  glaciers  have  been  partly  or  wholly  described  and  mapped  by  Hayes  in  1891,  Rohn 
in  1899,  Schrader  and  Spencer  in  1900,  Mendenlmll  and  Schrader  in  190'2,  Moffit, 
Maddren,  and  Capps  in  1907  and  1908,  and  Dunn  in  1908,'  the  latter  being  the  first 
to  ascend  the  14,000  foot,  snow-shesthed  active  cone  ol  Mt  WrangeD.  the  snowfields 
of  these  f^aeieis  nearly  cover  the  Wrangell  Mountains,  wUch  indude  four  voleanoes, 
Mts.  Wrangell,  Drum,  Sanford,  and  Blackburn.  The  lower  portion  of  Kennicott 
Glacier  and  several  adjacent  ice  tongues  were  accurately  mapped  in  1908  by  D,  C. 
Witherspoon  and  descriFed  by  F.  H.  Moffit  and  S.  R.  Capps.*  In  1911  and  1912 
several  of  these  glaciers  were  traversed  by  Miss  Dora  Keen  in  her  ascent  ol  Mt. 
Blackburn/ 

The  radial  consequent  gladen  of  Mt.  Sanford  are  notable^  as  is  the  unqmunctrical 
^ader  draioage  devdoinnent  on  Mt.  Wrangell,  wheie  it  haa  been  sunposed  that  the 
greater  heat  on  the  steeper  west  side  of  this  active  volcano  results  in  melting  away  the 
western  glaciers.  Some  of  the  recent  lavas  overlie  glacial  deposits  but  have  been  them- 
selves glaciated  since  cooHnp.  Nabesna  and  Chisana  Claciors,  northeast  of  Mt. 
Wrangell,  were  retreating  in  1898,  but  Nizina  and  Russell  Glaciers  advanced  between 
1890  and  1908.  Frederika  Glacier  waa  advancing  when  seen  by  Hayes  in  1891  but 
had  begun  to  veoede  before  the  visit  of  Moffit  and  Capps  in  1008,  vdule  the  aniali 
gladcr  opposite  it  was  then  advancing. 

•  IhooU  A.     tlst  Abd.  Bcpt,  U.  &  G«oL  Sorragr,  IflM-lMNK,  Pivt  n.  p.  9M  nd  PL  L 

» Capps,  S.  R.,  Joura.  Gcol..  VoL  XVIII,  1910,  pp.  48-55. 

•  Bayt*.  C.  W..  Nat.  Geog.  Mag.,  Vol.  IV,  189«,  pp.  15S-154.  and  map,  PL  SO. 
Sdimder,  F.  C.  80tli  Ann.  Rept..  U.  S.  Geol.  Survey.  1900.  p.  877. 

Bohn,  Owar,  Goppcr  Biver  Exploring  Expedition.  NarratiTea  of  Expkmtions  in  Alaska.  Washington.  1900^ 
pp.791,  79»-801,  8«0;  21st  Ann.  Rept.,  V.  P.  Cwl.  Suney.  Part  IT,  1900,  pp.  406-407.  nn.i  map.  PI.  LII. 

Sdbnder,  F.  C.  and  Spencer,  A.  C,  Uouae  Doc.  50\h  Cosgnaa,  2d  Session.  Washington.  1900,  pp.  91-32, 
n-ei,  78-81  and  map,  PL  IL 

Mcndenhall,  W.  C.  and  Schrader.  F.  C,  Profeasional  Paper  15,  U.  S.  GmL  Sunv*  l^^.  P!.  ITT. 

Mfndmhall,  W.  C  Frotottooal  Plnwr  41.  U.  S.  GeoL  Sorr^.  190«b  pp.  M»  and  map»  Pk, 

XKaadXX. 

Mcndenhall.  W.  C,  Nat.  Gw.g.  MaR..  VoL  XTV,  1908,  pp.  895-407. 

Moffit,  F.  H.  and  ^faddren,  A.  G..  Bull.  374,  IT.  .S.  Gwl.  Siin  ry,  1909,  pp.  97-4^  and  map,  FU.  I«  IL 
Dunn,  Robert.  Harper's  Alagaaine,  VoL  XCVIII,  1909.  pp.  479-509. 
Gqipik  aiU  loon.  G«ol..  VoL  XVm.  1910k  pp.  at-«T:  SdenMk  N.  &,  Vd^ 

X\TO,  1910,  pp.  S.50  375.  Pull.  417.  V.  S  G,  )!.  Survey.  1910,  pp.  86  1 2 
See  alao  pbotographa.  Nat  Geog.  Mag.,  VoL  XX.  1909.  pp.  612, 617,  618.  620,  621. 
«Bdl.  448,  U.  a  G«ol.  Smmf,  1911,  R  II  tad  pp.  49-S9, 

'  Keen.  Dora»  ScfOM^f  llHMfae,  VoL  191t»  pp.  84-80;  Ladia*  Boom  JoumL  VoL  88.  kvgum, 
1918.  p.  7. 
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Otacier*  of  the  Eculem  Chugach  Mcnintains.  The  Chugacli  Mountains  are  a  part  of 
the  St.  Elias  Bang^  forming  the  Coast  Range  westward  from  Malaspina  Glacier  to  Cook 
Inlet,  ftnd  are  from  0000  to  10,000  feet  in  altitude.  The  Bering  Glacier,  a  large  piedmont 
Slaeier  jut  mt  of  Mt.  St  V&aM,  and  largely  nnespkned,  is  led  by  niwiamed  tdbutariee 
from  the  south  side  ol  tiie  Chugadi  li^Hintaina  and  deecenda  nearly  to  sea  level,  bdag 
fringed  by  a  border  of  outwash  fans  horn  Yakataga  to  Controller  Bay.  Its  area  Is  inob- 
ably  between  1000  and  1500  square  miles. 

Sir  Edward  Belcher  described  some  of  the  features  of  Bering  Glacier  in  1837,^  and  Seton 
Karr  observed  it  in  18S6.'   Its  general  position  has  been  shown  upon  several  maps ' 
and  ita  irestem  pOTlion  iras  oatefuDy  mapped  *  and  described  in  1008-1000  by  Ifartitt  * 
«]|0  also  briefly  described  the  adjaeent  Martin  River  Caader,  the  S^ 
small  glaciers  of  Ragged  Mountain  near  Katalla. 

Glaciers  cf  the  Lower  Copper  River.  The  Miles,  Childs,  Sheridan,  and  adjacent  glaciers 
of  the  front  of  Chugach  Mountains  and  lower  Copper  Biver  are  not  discussed  here  be> 
cause  described  fully  in  later  chapters. 

Farther  up  Copper  River  the  glaciers  on  the  north  side  of  the  eastern  Chugach  Moun- 
tains 999  largely  unexplored.  One  of  tlieatt  is  Tana  Glacier  of  this  Niiina  haadiraton* 
a  SDudl  north  or  leeirarddope  ^sder,  vriddi  forms  n  striking 

Glacier  of  the  south  slope.  Scfawin  and  Woodwortfa  Glaciers  *  drain  into  the  Copper  by 
Tasnuna  River'  and  there  are  smaller  ice  tongues  as  at  Cleave  Creek,  Worthington 
Glacier,  east  of  Valdes,  the  ioe  tongues  at  the  head  of  Bremner  Biver,  and  many 
others. 

&aeier»  qf  Prince  WtOitm  Sound.  The  Valdez,  Shoup,  and  Columbia  Glaciers,  and  the 
fee  tongues  of  Coisge  Fiord,  Harriman  Fiord  and  other  portions  of  Prinoe  ¥ifiOiam 

Sound  are  to  be  fully  described  in  later  diapters. 

Okmera  North  qf  the  Chugach  Mouniaine.  As  in  the  case  of  the  main  St.  Elias  Range 
lUs  part  of  the  same  range  shows  fewer  ice  tongues  on  the  north  or  leeward  side  than  those 
tiiat  descend  on  the  ocean  side  to  Prince  William  Sound.  Many  of  them  are  of  good  size, 
however,  as  the  Knik,  Matanuska,  Tazlina,  and  others.  These  glaciers  were  first  mapped 
and  described  by  MendenhaO  and  Glenn  in  1808,  by  Martin  in  1905  and  by  Paige  and 
Snopf  in  1008.*  Several  of  the  larger  ones  may  be  throng  gUunMs  eranecting  with 

t  Quoted  by  Blake,  Amer.  Joutn.  ScL,  Sd  aeriM,  VoL  XUD,  1807,  pp.  100-101,  akod  bj  Davidioo,  Tmoa. 
sadPtoa  Geog.  Soc,  Plkdflc.  VoL  DDL  IMM,  pp.  «MIL 
•Seton  Kair,  H.      Proc  Bogr.  Csog;  Soa.  T«L  DL  iaf7.  pp.  m  174  f»s  Ohocw  sail  Alps  of  Ahdn* 

London,  1887.  pp.  18»-1«. 
>  U.  S.  Coast  and  Geod.  Survey,  CharU  8502  and  8513. 
U.  S.  GcoL  Smrwcgr,  BoU.  8S5,  1908,  PL  L 

<  Map  of  Contit^  Bay  Region,  No.  601  A.  V.  S.  Gcol.  Surv'cy,  aUo  m  BuO.  tt^  H  IL 
Chitina  Quadrangk  Blikp  «01.  U.  8.  GmL  Survey;  abo  in  Bull  874,  PI.  I. 
•Mutii^  O.  C,  Bel.  tSOk  U.  8.  GeoL  8itiw7, 1905k  pp.         Bdl.  888^  m  p|k  IS, 
Fit.  n  and  V. 

•  Sdumder,  F.  C«  tOth  Abb.  Bcpt,.  U.  &  G«oL  Senragr*  But  VII.  1808,  pp.  802, 8e«,  880-888  and  mapb  Fli. 
t8and21. 

'  Chitina  Quadrangle,  Map  001,  U.  S.  Geol.  Survey;  alao  in  Bull.  S74,  PI.  1. 

»  Mcndenhall,  W.  C,  «Oth  Ann.  Rq>t..  U.  S.  Geol.  Survey.  Part  VII.  1900,  pp.  S20-S87  tad  IMp^  No.  10. 
Glenn.  £.  F.,  War  Dept.,  Adj.  Gen.  Office,  No.  XXV,  1899,  p.  58  and  map  in  pocket. 
Mulia,  a  a.  BriL  ttik  U.  &  GcoL  Somr,  1806k  pp.  7,  U,  and  nMp^  PL  I. 
Brii^  8.  tad  Xaopt  A..  BdL  S«7,  U.  8.  <koL  8Mnp<7, 1807,  pp.  8S-87  and  1^ 


Digitized  by 


14 


ALASKAN  GLACIER  STUDIES 


the  ice  tongues  of  Prince  William  Sound,  TasdUlna  Glacier  perhaps  connecting  with 
Columbia  Glacier,  Mktanuska  Giader  with  Harvard  and  Yale  Glaciers,  and  Knik 
Glacier  inth  Bany  or  acHne  other  ^ader  at  Haniman  Fiord. 

Just  north  of  the  Chugach  Mountains  are  the  TaUceetna  Mountaina,  MOO  to  7500 
feet  hic^»  inithin  wliidi  are  a  aeries  of  amaller  glaciers,  the  Chickaloon,  Talkeetna,  and 
others,  observed  by  soldiers  accompanying  Captain  Glenn,'  by  Martin,'  and  by  Paige 
and  Knoi)f,  and  shown  on  the  same  maps  as  those  of  the  northern  Chugach. 

Glaciers  of  the  Kenai  Peninsula.  The  Kenai  Mountains,  which  continue  the  Chugach 
Bfoimtains  to  the  soothireBt  and  fonn  the  wcat  end  of  the  St.  El^ 
at  6000  to  7000  feet  and  aend  vaBej  ghdeia  east  to  Prince  William  Sound,  south  to  the 
Gulf  of  Alaskii,  and  west  toward  Cook  Inlet.  There  are  many  tidewater  gladere  in  west- 
ern rriiH-o  William  Sound  and  on  the  south  of  the  Kenai  MnMirfAiM^  but  UOUe  that  dis- 
charge directly  into  Cook  Inlet  on  the  west. 

The  ice  tongues  of  western  Prince  VViUiam  Sound  include  the  Portage  Glacier,  the 
glaciers  of  Blackstone  Bay,  Port  Nellie  Juan,  and  Icy  Bay.  There  are  glaciers  on 
the  south  side  of  Kenai  Peninsula  in  Port  Bainbridge,  lUffidd  and  Days  HaifKws* 
Resurrection  Bay,  Aialik  and  Nuka.  Bays,  and  Port  Dick.  In  the  interior  of  the 
peninsula  small  glaciers  discharge  into  Glacier  River,'  into  the  stream  feeding  Lake 
Skilak,  and  into  Lake  Tustumena.  In  the  southwestern  part  of  the  peninsula  the 
Grewingk,  Wosnesscnski,  Doroshin,  and  Southern  Glaciers  descend  nearly  to  Kache- 
mak  Bay  and  Cook  Inlet.  Several  of  these  are  through  glaciers,  as  the  Portage  Gla^ 
cier  of  Passage  Canal  and  Tnmagain  Arm,  the  Southem  Glacier  of  Tutka  Bay  and 
Port  Dick,  etc 

A  number  of  the  glaciers  of  the  south  coast  of  Kenai  Peninsula  were  discovered  by  the 
Russians  and  are  shown  on  Tebenkof's  chart  of  1849,  Those  in  western  Prince  William 
Sound  were  mapped  by  Vancouver's  lieutenant,  WTiidbey,  in  1794  *  and  by  Applepate  in 
1887.'  The  glaciers  of  Kachemak  Bay  were  visited  by  Dall  in  1880,  by  Dall,*  Becker  and 
Curtiiis  ^  in  1895,  and  by  Gilbert  and  the  Harriman  Expedition  in  1899.''  Grewingk 
Glacier  letreated  about  SSO  feet  between  1880  and  1885,  and  850  feet  between  1885  and 
1899. 

Dall  and  Becker '  have  alluded  to  the  evidences  of  former  giaciation  in  Kodiak 
and  Wood  Islands,  the  westward  extension  of  the  Kenai  Mountains,  as  amplified  later  by 
Gilbert.*"    No  glaciers  are  known  on  Kodiak  Island. 

>  Mathyt,  F.  aad  B«gg^  J.  S«  CoMpihtion  <d  Nanmtivcs  of  Exfknlimk  ia  Akiks,  Waihmgton,  UMl  pp^ 

681,  682-«8S. 

•Mwtfa,  O.  C.  aad  Kati.  F.     IMD.  CM^  U.  S.  M.  Survey.  1911;  pp.  tthM^  9!-^, 

•  Tarr,  R.  S.  and  Martin,  LMmacc^  Ab  ESoct  to  Goatrol  a  OUtdsl  StiMua,  Aaasb  Aaoe.  Abmt.  Geog., 
Vol.  n,  191«,  pp.  25^. 

«  VaBoovw.  Capt.  George,  Voyage  ti  Dimmiy.  Londoa,  VoL  V,  1801.  pp.  m-n*. 

•  DaTi&omGMq^l^aaaaadltofeGeaf.  Soc,  VidBe,  VoL  10,  IMi  pp.  ISHNk  aad  Maps  HT 
aii<I  V.   

•  Dall,  VV.  H..  Journ.  Anier.  Geog.  Soc..  Vol.  XXVIU,  1808^  p.  U;  ITIh  Aaa.  Bq»t.  U.  S.  Geol.  Stirvt^.  Fart 
^  18t^  It  U;  18lh  Ann.  RepL.  U.  S.  Geol.  Surv  ey.  M  HL ISM^  VL  XOIi  Gout  aad  Good.  8ar««gr,  Ckait 
aStl;  Variationa  of  Glaciers.  Joum.  Geol..  Vol  V.  18f>7,  p.  S81. 

f  Coitin.  F.  H.,  in  H.  F.  Bdd'a  Variations  of  Glaciers,  Joum.  Geol..  Vol.  VI,  1896»  pp.  475-«re. 

•  GObsrt  O.  lu.  AninwD  Ahd»  BipeditioB.  VoL  IE.  1904,  pp.  97-101 

•  Bedcer.  G.  F..  18th  Ann.  Rept..  U.  S.  G<x>1.  Survey.  Part  10.  UMk  pp.  M-M. 
u  Umw^m^  Alodca  Eipedition,  VoL  III,  1904,  pp.  177-18S. 
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Some  of  the  glaciers  of  the  interior  of  Keuai  Peninsula  '  were  observed  by  Mendeiiliall 
in  189b  and  Moilit  in  1001.^  In  lUOb  aud  1909  Grant  mapped  the  fronbi  of  many  of  the 
gbeiew  d  eMton  •ndaoathem  Kenai  Pwiinwih.*  Tlw  fomier  were  atiAd  In  1910  bgr 
Ike  jimior  Mtthor  of  this  book,  and  an  deacribed  in  later  diapteca. 

Tbb  Alaska  Raitob 

Glaciers  of  the  NutzoHn  and  Mentasta  MoutUaint.  The  eastern  end  of  the  Alaska  Range 
inehides  the  Nutzotin  and  Mentasta  Mountains  wliifh  rise  to  heights  of  5000  to  10,000 
feet.  iJeing  relatively  low  and  in  a  region  of  low  jjrecipitation,  because  in  the  lee  of  the 
higher  Cbugach  and  Wraugell  Mountains  of  the  St.  Ellas  Range,  they  nouri:>h  only  a  few 
■nafl  glacien»  aomeof  wJacbuvieaeanby  Brooka  in  1800,*  by  Schrader  and  Witkenpoon 
m  im  «  and  by  Moffit,  Knopl,  and  Ca|ypa  in  1906.* 

Glaciers  of  the  Copptf  JSnwr  Headwaters.  The  region  between  Mt  Kimball  and  Mt. 
Hayes  in  the  Alaska  Range  rises  to  heights  of  from  8000  to  13,000  feet.  It  must  receive 
more  snowfall  than  the  same  range  fartlier  to  the  east,  in  the  lee  of  Wrangell  Mountains, 
for  it  has  large  snowfields  and  sends  good-sized  glaciers  southward  into  the  Copper  River 
valley  and  smaller  ones  northward  into  the  drainage  basin  of  the  Xanana  and  Yukon. 
Tbeae  ioe  tongaea  inchida  tbe  Cbiftodiina,  Weat  Foric,  Gakona,  Gidkana,  CanweU,  and 
Castner  ^bcian.  Ibefiiallkreei^bKteadiamtoOiiiparBh^ 
tke  laat  two  to  Ike  Tanana  and  Yukon  Biveri  and  Bcdng  Sea,  wkOe  GoDcana  Gladcr 
sends  one  stream  each  way. 

Gakona  Glacier  is  a  simple,  .single,  consequent,  valley  glacier  IS  miles  long  and  3  miles 
wide  and  with  its  direction  of  flow  at  right  angles  to  the  axis  of  the  Alaska  Range.  West 
Fork  Glacier  ia  similarly  sim]^  Ea8tofMt.KimbaU  is  a  series  of  three  small  consequent 
▼aflqr  f^adera,  each  aiboot  five  miles  long,  wfaidi  enter  an  east-west  valky  parallel  to 
tbe  azia  of  the  range.  The  easternmost  of  the  three  gbdera  turns  eaatward  in  an  un- 
symmetrical  piedmont  bulb  a  mile  long,  draining  to  Slana  River.  The  westernmost 
similarly  turns  westward  in  a  one-sided  pietlmont  bulb  a  mile  long,  draining  to  the  Middle 
Fork  of  Chistochina  River.  The  middle  glacier  makes  a  .symmetrical  bulb  whose  drain- 
age also  goes  westward  under  the  iaj>t-named  glacier.  Tiiese  are  consequent  valley 
^■cien  terminated  by  piedmont  buflba  widdi  divide  a  aubaeqnnt  vallegr  into  two 
ffwmartmenta. 

Weat  ol  these  little  glaciers  is  Chistochina  Glacier,  a  piedmont  through  glacier  in  a 
later  stage  of  development.  It  heads  in  two  valleys,  Middle  and  West  Forks  of  Chisto- 
china River.  It  is  10  miles  long,  a  mile  and  a  half  to  two  miles  wide  and  extends  east 
and  west  paralleling  the  axis  of  the  Alaska  Range,  from  which  it  is  fed  by  seven  con- 
sequent valley  glaciers  two  to  four  miles  long,  and  by  four  smaller  tributaries  from  the 
lower  hilla  on  the  south.  TUa  aeema  to  be  a  subsequent  ^ader. 

*  Mendenhall.  W.  C.  80th  Ann.  Rept..  U.  S.  Ged.  Survey,  Part  VII,  1900.  pp.  HthmS. 

Koffit.  F.  H..  Bull.  277.  U.  S.  Geol.  Sur>ey.  1906.  pp.  31-32  and  map.  R.  II. 

'Grant.  U.  S.  and  Higgin-s,  1).  K.,  (  on'.tal  Glaciers  of  Prince  William  Sound  and  Kenai  Peninsula.  Bull. 
5U.  U.  S.  G«ol.  Survey,  1913.  pp.  52-72.  aee  Bull.  S79.  U.  S.  GeoL  Survey.  1900,  PI.  IV;  Joum.  GeoL,  VoL 
XVILlMI^]ip.tflO-6n.«idBdl.Anwr.<3eo8.  Soe.,  Vd.  XLOS,  1911.  pp.  7tl-78T. 

» Brooks.  A.  H  ,  21.st  Ann.  Rppt..  U.  S.  Geol.  Sun-ey,  Part  H.  1901,  f.  8M. 

«Pkofeaioiial  Pajier  41.  U.  S.  G«oL  Surwy.  1905,  PI,  XX.. 

»llDgVF.H.aailjMpfcA..Biil.tI9;U.&GsolBany,199»|»mm 

C^V%  a.  B..  Jmub.  Gwl,  VoL  XVnL  m  p.  99. 


Digitized  by  Google 


16 


ALASKAN  GLACIBB  STUDIES 


The  Canw  ell  and  CasttuT  Glaciers  were  swn  and  mapped  by  Mendenhall  and  Glenn  in 
1898,'  and  briefly  visited  by  the  authors  of  this  book  in  1911.  Those  to  the  east  were 
mapped  and  described  by  Mendeiiliall  and  Gerdiue  in  1902.*  West  of  the  Canwell  and 
Castner  Glacieis,  which  terminate  in  the  valley  of  Delta  River,  are  a  number  of  large 
kse  tongnw  near  Mt  Hajfes.  Tliqr  hvn  been  mapped  fajjr  Uie  U.  S.  Geologieal  Sur- 
vey. Those  on  the  MNttliem  ride  of  the  Akulca  Range  ham  been  briefly  deecribed  bgr 
Moffit'  and  those  on  the  northern  side  by  CaippB.* 

Glaciers  of  the  Mt.  ^fcK{nley  Region.  This  portion  of  the  Alaska  Range,  between  Mt. 
Hayes  and  Lake  Clark,  averages  7000  to  10,000  feet  lliroughout  its  length  and  rises  to 
17,000  in  Mt  Foraker  and  20,300  feet  in  Mt.  McKiuley,  the  latter  being  the  highest 
peak  in  NotUi  Ameriea.  T1ieflaateiid,iiearHt.Haye8,  is  largely  unexplored;  yieweafc 
end  baa  only  email  Jackie;  but  tbe  central  portion,  near  Mt.  McEjnky,  eiqaporte  eome 
lar^e  vaUeygiadeffa.  Thoaeonthe  southeast  slope  are  larger  tlian  tboaeon  the  northweet. 
The  ice  tongues  on  the  northwwt  inelude  the  Herron,  Rearbum,  Shainwald,  Petera* 
Muldrow,  and  Harvey  Glaciers.  On  the  southeast  side  are  the  Fidele,  Ruth,  Kahiltna, 
Tokichitna,  Caldwell,  Fleishmann,  Hayes,  Stoney,  and  many  unnamed  giaciera. 
Several  of  these  glaciers  on  the  south  are  SO  or  40  miles  long. 

Tbeee  ghdeft  bava  been  obaerved  and  mapped  by  Dickey  in  1887,  EMridge,  linkboir, 
and  Spmv  in  1806»  Herran  in  1809*  Bfeooka  in  IMS,  Cook  and  Dimn 
hett  and  Porter  in  1906.'  AB  bave  been  retreating  ao  f ar  as  observed.  Several  were 
utilized  as  highways  by  Dunn  and  Parker  in  tlieir  unsuccessful  attempts  to  climb  Mt. 
McKinley  in  1903  and  1906,  as  well  as  by  Parker  and  Brown  and  by  Studc  in  their 
successful  ascents  of  the  mountain  in  1912  and  1913. 

AlABKA,  PjPrUtBULA  AMD  ALBDnAlT  laLAlIlM 

GtaeMff  <tf  Oka  ChigmU  Jfowiftriw.  Theae  low  mountains,  1000  to  5000  feet,  have 
laige  leaders  i»aetica]ty  only  irinne  voleanoee  riae  to  a  au£Bdcnt  bei^t  to  haTe  and^ 
fields.  Of  tbeee  active  Tokanoea  Mts.  Redoubt  and  niamna.  11,000  and  19,000  feet 

'MiiiTTTt*""i  w  rf^ ,  afttfc  A—         Ti  fl  *— y.  IT  — ^  miu«m,  ^  ig^p 

10;il»pbDUJBrap!i,  Nat.  Gwg.  Mag.,  Vol.  XX,  1909.  p.  818. 
Gkna,  B.  F..  War  Dept.  Adj.  Gta.  office.  No.  XXV,  18M,  pp.  1-72  and  map. 
tPtafcMloMl  Baper     U.  &  GfloL  8»v«gr.  m  p.  SB  sad  R  IXi  IVofcMioiid 

and  map,  PI.  XIX. 

•  Moffit.  I'.  H..  Bull.  408.  U.  S.  Geol.  Surwy.  1912.  pp.  S9-*5,  51-53.  and  PI.  I. 

«Capps,  S.  R..  Bull.  501,  U.  S.  Geol.  Survey,  1012,  pp.  34-11.  and  PI.  I,  Joum.  G«al.,  Vd.  XX,  lOlS, 
pp.  428-480^  482-8. 

•  Dickey.  W.  A.,  Nat  Gcog.  Mag.,  Vol.  VHI.  1897.  pp.  322-327. 

Eldiidgei,  G.  H.,  20th  Ann.  Bq>t,  U.  S.  Geol.  Survcgr,  Part  VII.  1000,  p.  8,  and  Map  No.  8. 
UnURNT.  IL,  NaL  G«og;  Ifaf ..  Yd.  m  1M1.  PP-  SIt-ait. 

Spurr,  J.  E.,  SOth  Ann.  Rept.,  U.  S.  Ceol.  Suney.  Part  \1T.  1900.  pp.  252-253,  and  liivs  •  sad  11. 

Herron.  J.  S.,  War  Dept.  Adj.  Gen.  Office,  No.  XXXI,  1901,  pp.  80, 40.  and  map.   

Brooks,  A.  U..  Sdcnce.  N.  S..  Vol  XVI,  1002,  pp.  065-086;  Nst  Osog.  Mag.,  ToL  XIV.  IMS.  pp.  S»-8ffs 
Bept  for  1903.  pp.  407-425;  Professional  Fftptf  45,  U.  8.  GaoL  8am|f.  1S061  flH«i,  R  XI; 
Prof.  PajKT  70.  U.  .S.  G.M.!.  Surv-y.  1911,  pp.  125-128.  134-136. 

Dunn,  Hobert.  The  Shameless  Diary  of  an  Explorer,  New  York.  1907,  two  maps. 

Itefcier.  H.  C.  Review  «|  Bcvfawi.  Yd.  XXXV.  IMT,  pp^  H-M. 

Porter.  U.  W..  Roconiiniaaaneeliiy  «f  titeB^gjoagoilttaf  MUMePn^ 
tact,  U.  S.  G«oL  Surv^.  1010. 

Capps,  S.  R..  BoU.  SS4,  U.  8.  G«oL  Survey,  1018.  pp.  8S-«S  wd  Fl.  IL 
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JMlMelivdly;  mimtwn  good-sised  gladera.  There  m«»  however,  minor  glaciers  in 
the  mountains  proper,  including  the  several  small  ice  tongues  that  drain  to  Lake  Clark,^ 
and  doubtless  others;  and  there  Buy  be  many  more,  as  the  cirques  in  the  mountaina 
east  of  Iliamna  Lake*  testify. 

A  Coast  Survey  chart  shows  a  large  tidal  glacier  in  Redoubt  Bay*  half  way  up  the 
vwt  aide  of  Cook  Jak/t,  but  no  deieriptioik  of  it  haa  been  {Minted.  West  of  Mt. 
BedoabC,  whidi  doobtleaa  haa  oUicr  ^bciaa,  thera  ate  five  i^i^ders  upon  Mt  Tliamna, 
•evcral  of  which  were  seen  by  Dall  in  1895  *  and  also  observed  by  the  junior  author  in 
1901.  These  include  one  a  mile  wide,  at  tlie  head  of  Tuxedni  or  Snug  Harbor,  which  was 
stagnant  and  moraine-covered  in  1904,  two  on  its  east  slopes,  one  a  double  glacier  with 
a  red  moraine,  the  other  with  trees  growing  upon  it,  another  near  Chinitna  Bay,  and  still 
aaothcr  iriioae  pieaenoe  «aa  knomi  fay  ita  milky  glacier  stream;  thcfe  are  tdao  aeveral 
filadalela  on  the  St  Angoatine  volcano. 

Glaciers  of  the  Alaska  Peninsula.  Several  glaciers  descend  from  the  east  slope  of 
Mt.  Douglas,  at  least  six  of  which  were  seen  by  Dall  and  Becker  in  1895.*  The  Coast 
Survey  chart  •  shows  some  of  the  glaciers  upon  the  slopes  of  Mt.  Douglas.  In  1904  the 
junior  author  observed  several  uf  the  glaciers  in  this  part  of  the  Alaska  Peninsula.  There 
Here  three  large  glaciers  on  the  north  slope  of  Mt.  Douglas,  11,000  feet,  the  easternmost  of 
wilidi  then  coded  a  mile  from  aea  levd  at  an  elevation  of  150  feet  ^  other  large  gla- 
den  were  aeen  opon  the  eaat  and  Motiiieaat  dopea  of  Mt  l>oii^bM»  the  hu^ 
of  Cape  Douglas  ha\nng  a  bulb  five  or  mx  miles  wide  and  fwogecting  8  or  4  mfiei  from  the 
ooast,  although  not  discharging  icebergs  in  1904  because  mantled  with  moraine  at  the 
terminus.  Southwest  of  Cape  Doughus  is  a  large  glacier  witli  a  remarkably  sinuous  medial 
moraine.  The  large  glacier  of  Hello  Bay  was  seen  from  a  distance.  All  these  glaciers 
aeemed  to  be  retreating  in  1904.  Pttvlof  Mountain  lias  a  large  gladerseen  in  IMS  fay  At- 
auod,*  wlio  hai  aim  duaiiiibeil  the  futiiwi  i^adatiwi  ol  the  adjtM?wiit  ifflftndt  find  iwIwI^iHt 

On  Katmai  Tmm,  across  the  Aleutian  Mountaina  of  Alaska  Peninsula,  three  or  m<»te 
small  glaciers  were  seen  by  Spurr  in  1900,*  the  larger  ones  being  on  the  northwest  Ade. 
South  of  Kialag\'ik  Bay  are  three  glaciers  show-n  by  Davidson  •  to  be  upon  a  map  made  by 
Yasilieff  in  1831-1832  and  seen  by  Dall  in  1895  ^*  and  by  the  junior  author  from  the 
steamer  in  September,  1904. 

€km«r§  qf  A§  AJUutitm  Idmdi.  Alearof  theiwyw-cappedvolcanoeiof  the  Alentiana 
ava  known  to  htev  radiating  ^aciera.  There  are  iee  tongnea  npon  Hie  akpea  el  Mta. 
Shishaldin,  Round  Top,  and  Isanof  or  Isanotski  on  Unimak  Island,  showing  clearly  in 
thephotographapubludiedby  WeitdahL^  The  Racier  «rf  Mt  Maknahin  on  the  ialand  of 

>  Oigood.  W.  H..  Nat.  Geog.  Mag..  Vol  XV.  1904.  pp.  810-681. 

•MwtlB.  G.  C.  and  Kats.  P.  J..  BuO.  485.  U.  &  Gaol.  Somj,  WU,  pp.  14-U,  St-M. 

»  Coast  and  Geod.  Suney.  Chart  R50<1.  1908. 

«  DaUL  W.  H.,  Joutn.  Amer.  Geog.  Soc,  VoL  XXVIll,  1896,  p.  11. 

•  Ml,  W.      Jbon.  AsMT.  Geog.  8oe,  YeL  XXVID*  U08^  ppw  8-9;  ISlh  Asm.  Bipt,  U.  &  GcoL  Sarvv* 

Fart  nr.  IS08,  PI.  XIV. 

•  U.  S.  CoMt  aod  Geod.  SurvcQr.  Chut  8508. 190a 

t  Atwood,  W.  W..  BuD.  487.  V.  S.  Geol.  Borvqr.  1811,  pp.  18,  84-01. 

•  Ppurr.  J.  E.,  20th  Ann.  Rcpt..  V.  S.  Geol.  Survey,  Part        1900,  pp.  £54-255,  and  Map  11. 

•  I>a^  ;i!>i<-in,  Cfv^irgc,  Trans,  and  Proc.  Geog.  Soc..  Pacifio,  Vol.  Ill,  1901b  PP»  l*-18k  and  IdlfM  I  and  IL 
"  Dall,  W.  H..  Joum.  Amer.  Geog.  Soc.,  Vol.  XXVUl,  1896,  p.  17. 

H  WMdihl,  R,  NO.  GMff.        YoL  ZIY,  19Uk  pp.  •1-88. 
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Unalaska  was  visited  by  Theodore  Blake  in  1867,^  under  the  direction  of  Davidson.' 
WTien  visited  by  Jaj^'ger  in  1907  it  showed  no  signs  of  retreat,  nor  did  the  glaeiers  on  the 
island  of  Atka.^  In  1880  Russell  *  visited  Uualaska  and  concluded  tliat  there  had  been 
no  genenl  g1ftrf>fir»n  ol  the  Aloitiaii  IdMids,  although  local  gladen  had  eiktecL 

CntTRAL  PlATSAU  AMD  BCBINO  SbA 

Yukon  arid  Kuskokmm  Valley  a.  The  lack  of  former  glaciation  in  the  Central  Plateau 
of  Alaaka  was  ertaUuhed  bj  Dall,*  Dawm*  McCoondl.'  Baaell,'  Hayes,*  Spurr," 
Tyrrell,"  Brooka,"  and  othera.  Detailed  topographic  maps  and  geological  investigar 
tiona  have  failed  to  show  existing  glaciers  within  most  of  this  great  area,  but  tJbat  they 
unere  formerly  present  east  of  the  Klondike  district  and  in  the  upper  Lewes,  Teslin,  Pelly 
and  Macniillan  Rivers  is  abundantly  proved.  In  the  region  between  the  Tanana  and 
Yukon  Rivers  the  prospectors  "Annual  glaciers"  referred  to  by  Spurr,"  Barnard'* 
and  Prindle  seem  to  be  only  long-lived  snowbanks  that  melt  before  the  summer  is  over. 
One  ttpm  lAmt  tiuae  are  abundant  ia  called  Glacier  Bfonntain.  Stieama  in  the 
intenor  of  Alaaka  which  l^eeie  solid  and  then  oveiflow  and  freeae  again  aie  also 
known  iocallsr  as  "glaciers/*  The  photographs  from  the  Yukon-Tanana  region  show 
cirque-Hke  amphitheatres  at  the  heads  of  many  streams  and  it  seems  likely  that  local 
glaciers  formerly  existed.  This  part  of  the  Central  Plateau  rises  to  heights  of  3000  to 
(iOOO  feet  but  has  an  annual  precipitation  of  only  1£  inches. 

In  part  ol  the  region  betwew  tiie  Yukon  and  Eogndnk  Bhreia  Mendeidiall  lias 
shown  oondurivdy  that  there  has  been  no  i^adation  bat  in  anoUier  ana  between 
these  rivers  Eakiu    found  evidence  of  local  glaciation  in  1818. 

In  the  Kuskokwim  Mountains  which  rise  to  4500  feet  above  sea  level,  there  weze  for- 
merly local  glaciers,  in  a  small  area  recently  described  by  Maddren,^' who  finds  cirquea* 
moraines,  and  otiier  conclusive  evidence. 

>  HouAC  Extra  Doc.  177.  40tli  Congress,  id  Scanon.  1868.  p.  323. 

'  Davi.json.  George.  Tnuu.  and  Ptoc.  G«og.  Soc,  Fui&e,  VoL  III,  IWH,  pp.        ^rT*'*^",  VoL  IV.  1884. 

>  Jouru.  Ueol..  VoL  XVI.  1908,  p.  668. 

•  BoD.  GeoL  Soe.  kmat^  VoL  L 1890.  pp.  138-188. 

•  Dull,  W.  n..  Amrr.  J.nirn.  M..  V<»l.  XLV,  1888,  p.  99. 

•  DawaoD.  U.  M.,  Geol.  and  Nat.  Uut  Survey  Canada.  Ann.  Bept.  Vol  III.  Part  I,  1889,  p.  IMB. 
tlfeCoBMll.  B.  O.,  BuD.  GcoL  Soe.  Amer..  VoL  1. 1880^  pp.  548-M4. 

•Riusell,  I.  C,  Surface  Geology  of  Alaaka,  Bull.  Geol.  See.  Amer.,  Vol.  I,  1890,  pp.  110-141. 

•  Hayes.  C.  W..  Nat  Geog.  Mag.,  Vol.  IV.  189^  pp.  155-159  and  Pis.  19  and  SO. 
»•  Spurr,  J.  E..  18th  Ann.  Kept,  U.  S.  Geol.  Suney.  Part  HI.  1897,  p.  270. 
uiyndLi-  B..  Bull  Geol.  Soc.  Amer.,  Vol.  X.  1899,  pp.  195-198. 

"  Urooks,  A.  n..  iOlh  Ann.  Kept.,  I'.  S.  Crol.  Purvey.  Part  VII,  1900,  p.  474;  iUi  Ann.  Rf-pt.,  I".  S.  Geol. 
Survc^r,  Part  II,  1901,  pp.  364-S65;  Maps  and  Houtea  of  Exploration  in  Alaaka  in  1888,  Special  Publication. 
U.  8.  GooL  Snmgr.  180a  pp.  8^  81. 

»8pm,  i.  B,  18th  Ann.  Kept.,  T'.  S.  Geol.  Survey.  Part  III.  1898,  pp.  820-328, 

uBusaid.  B.  C,  Maps  and  Descriptions  of  Boutcs  of  Eipkcation  in  Alaaka  in  1898,  Special  Publication, 
U.  8.  GeoL  Survey,  1899.  p.  78. 
«•  Prindle.  L.  M.,  Bull.  375.  U.  S.  Geol.  Survey.  1909.  p.  12. 

>•  Mendenhall.  W.  C,  Professional  Pa^K-r  10,  U.  S.  GooL  SurrqP,  IINM;  pp.  4»-M. 
>'  Eakin,  U.  M..  personal  communication. 

M  lladdi«»  A.  6.,  11m  limokD  Gold«km  IHrtoOl^  AbAi,  BdL  4U^ 
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GIACIBBS  OF  ALASKA  l» 

n§  AUhm  Jf owifojM.  TIm  Ahkhm  or  (Ndune  MoontMii**  a  fmaU  group  nortli  of 
^Alaska  pemnaala  near  Bristol  Bay  are  reported  by  Spiur^  to  itfll  ictain  gladmlfllit 

tte  one  in  cirqae  on  Mt.  Oratia  being  specifically  mentioiiBd.  Hm  mountam*  had 

previously  been  more  fully  occiipied  by  local  glaciers. 

Idands  oj  Bering  Sea.  In  the  shallow  Bering  Sea  none  of  the  islands,  St.  Lawrence, 
Nuuivak,  Hall,  St.  Matthew,  and  the  Pribilof  Islands,  all  of  which  are  low  and  in  a  region 
of  low  precipitation,  oontam  ^adm,  and  none  aeon  to  lum  ever  been  glaciated.* 

Thm  Bockt  MouMTAim 

(Bmen  qf  the  EndicoU  Mouniairu.  The  Rocky  Mountains  of  northern  Alaska, 
ulndi  leadi  an  devstkm  ol  5000  to  7000  feet  In  a  latftnde  north  of  the  Asetie 
mdt,  have  an  annual  pnedpKalion  of  only  6  to  18  indieB  and*  therefore,  w**"*^^'* 
oa^  small  gladera.   One  stagnant,  dying  glacier  can  be  definitely  referred  to,  an 

isolated  debris-covered  block  observed  in  1901  by  Schrndor  and  Potere '  in  the  middle 
of  the  John  River  valley  near  the  divide  in  latitude  fJH°  north.  It  was  then  a 
detached  circular  mass  300  feet  in  diameter  and  60  feet  high.  Schrader  *  speaks  of 
otter  maD  ^aoien  seen  by  proepecton  in  ihit  eestem  part  of  tiie  Bndioott  Moun- 
tafan.  Mendenhall  reports  the  weitem  Endleott  Moontaint  as  formerly  g|aciated»* 
and  Maddren  has  described  the  present  ice  tongues  and  the  former  glaciation  of  the 
eastern  Endicott  Mountains,  both  in  the  part  near  the  Hodzana  Highland  and  Chand- 
alar  River"  and  in  the  r^pon  akmg  the  14Ut  meridian^  between  Porcupine  Biver  and 
the  Arctic  Ocean. 

Bcdrd  MourUaiiu.  The  Baird  Mountains,  which  form  the  western  extension  of  the 
bdieott  Mountains,  contain  small  glacieis*  for  they  are  from  2000  to  8000  feet  high, 
)aijb»  than  the  mountains  of  Seward  Femnsola,  futher  south,  wfaidi  still  hive  small 
iee  MBnanls.  Smith*  has  dMCiihed  several  of  tiiesmall  ice  tongues  and  discussed  the 

former  glaciation.  It  seem.s  quite  certain  that  Baird  Monntain.s  were  formerly  exten- 
sively glaciated,  for  these  mountain  valleys  must  have  fed  the  great  valley  glacier  which 
extended  down  Kobuk  River  to  the  Bering  Sea.' 

dmien  oj  the  Seward  Peninnda,  Small  glaciers  are  known  to  exist  in  the  mountains 
si  Seward  Peninsnla,  which  are  1800  to  8500  feet  highf  and  leeehe  to  to  <5  indies  of  pre- 
cqiitation  yearly.  Hie  region  is  proved  to  have  formeriy  had  much  more  extensive 

'  SpiuT,  J.  £.,  iOth  Ann.  RepL,  U.  S.  GeoL  Siuve^,  Pari  Ml,  1»00,  pp.  8A8-<M  and  Map  No.  10. 
•M  W.  H.,  AkAft  ami  ito  BMraaik  Boston        p.  40t. 

Moir,  John,  Report  of  the  Cruise  of  the  U.  S.  Revenue  Steamer  Corwin  in  the  Arctic,  1881,  pp.  1S3-I45. 
Davaon,  G.ii..  Geological  Notei  on  Some  ol  the  Coaata  and  laiaiidi  ol  Bering  Sea  and  Vidnitari  BuIL  G«oL 
SocL  AiMr..  VoL  V.  18M.  pp.  117-140. 
Staoley-Browu,  J.,  Geology  of  the  Pribilof  Islanda:  Bull.  Geol.  See.  Amer.,  Vol.  HI.  ISSI^  pp.  40S-M0r 
Nordenakiohl.  A.  E.,  The  Vf)ya>ie  of  the  Vega,  New  York,  1882,  pp.  68S-^.  669. 
Gilbert.  G.       Glaciers  and  Glaciation:  Hairiman  Alaaka  Ezpeditkm,  Vol.  Ill,  1904.  pp.  186-lM. 
»8chMkr>  J.  C.  Md         W.  J.,  lVoteirio—1  Pkper     P.  &  GwJ.  8emy.  lOOj  y».  8»-tL 

•Saae,  pp.  so  and  91 . 

•Mwiii  iiliiiil,  W.      ProfeaaioDal  Paper  10,  U.  S.  G«oL  Survey*  100^  pp.  tf-4& 
•MMldtai.  A.  G.,  Bdl.  MS,  U.  8.  GeoL  Qarrej,  1918.  pp.  00-67* 

'  Ibid,  personal  communicatioa. 

•Snuth,  P.  S.,  Bull  Geo!.  Soc.  Amer.  Vol.,  «S,  191«.  pp.  56S-670. 
•Henhear.  O.  H.,  Jouin.  GeoL.  VoL  XVH.  1909,  pp.  8»-91. 
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vtSkj  ghden,  as  it  testified  by  drqnes,  hutgmg  vaDeys,  tnmqMrtod  hoMta,  de, 

in  the  Kigluaik,  Bendeleben,  York,  Cape,  and  Ear  Mountains*  Tllis  is  diifldy  Um  issnlt 
of  studiM  by  BrooU^  Ck)lliar,  Siaith.  Eakin  aiKl  2^ 

The  Glacl\tion  of  Alaska 

The  phenomena  of  former  glaciation  in  Alaska  have  been  treated  incidentally  in  the 
preceding  pages  dealing  with  existing  glaciers,  and  more  fully  in  some  of  the  reports 
there  dted.  Several  reports,  referred  to  below,  have  dealt  especially  with  the  general 
phenomena  <rf  Alaskan  glaciation. 

After  Russell's  visit  to  AiadEa  in  1889  he  wrote  iiis  Notes  on  tfae  Surface  Geology 
of  Alaska,'  pointing  out  that  northwestern  North  America  had  not  been  bnried  be- 
neath a  continental  glacier  when  nortiieastern  North  America  was  ice-covered,  but 
that  in  the  appropriate  part  of  Alaska  "the  ice  age  still  lingers."  At  about  the  same 
time  Dawson  was  writing  his  suggestive  papers'  on  the  glaciation  of  Yukon  Territoiy 
and  British  Cohimbia  in  which  he  deals  inoidsnta%  with  pavla  ol  the  Abakan  bolder, 
paiticnlaHy  from  Mt.  8t  SBas  to  Dimn  Entrance,  and  shows  the  extent  of  Variation 
there. 

After  Gilbert's  summer  in  Alaska  with  the  Harriman  Expedition  in  1809,  he  pu])lished 
his  wonderfully  comprehensive  descriptions  of  the  existing  glaciers  obser\ed,  and  then 
wrote  on  the  Pleistocene  glaciation,  dealing  especially  with  the  physiographic  forms  pro- 
duced by  glaciation  in  the  coastal  region.* 

In  BMmIgb's  Geography  and  Gedogy  ol  Alaska'  there  is  an  exodknt  snmmaiy  of  tiw 
faiinrledge  as  to  the  glaciation  of  Alaska,  aneompanied  by  a  mi4»  whididumcd  thaoist- 
ing  glaciers  and  snowfields,  the  glaciated  areas,  the  lM  fields  and  aieas  in  pact  above 
ice  sheets  during  maximum  glaciation,  the  directions  of  ice  movement,  and  the  areas  of 
post-glacial  silts,  sands,  and  gravels.    Other  writers  have  discussed  glaciation,*  and  Hayes, 

1  Brooks,  A.  H.,  A  Reconnaisaance  of  the  Cape  Nome  and  Adjacent  Gold  Skids  oC  Stwud  Heaianli^  AlMka 
Boon  Doc  M7.  58th  Coosn«i,  Sd  SeHMO,  Waahiogtoa.  1801,  pp.  4»-47. 
Biookik  A.  a  sad  CoKo;  A.    8eiMe«,  N.  Sl,  VcL  Zn^  1901,  ppw  UB-IM. 

Collier.  A.     PtojBirineri  gkp»  %V.B,  GaoL  a«?v,  im,  yp.  U-Uj  BdL  m  U»  &  GMLSatv^,  um. 

pp.  04-99. 

Smith.  P.  &.  BuD.  48S,  U.  8.  Geol.  8arv«jr.  1910,  pp.  48.  189-197. 

Smith.  P  S.  and  Eiikin.  H.  M.,  Bull.  449.  U.  S.  Geol.  Survey.  1911.  pp.  SS-SSl  M. 

Moffit.  F.  H..  Bull.  533.  U  S.  GfH.l.  Surwy.  lf>13.  pp.  14,  S7.  Ol-Sft. 

iRuaaeU,  I.  C  Bull  Geol.  Soc.  Amcr.,  Vol.  I.  1890.  pp.  99-154. 

•  DMnoB,  6.  IL,  Beocot  ObMTvitiou  OB  the  GlM^rtkin  of  Bri^ 

8d  Decade.  Vol.  V,  1S88.  pfk  M7-8M;  Amcr.  Geo!.,  Vol.  HI,  1889.  pp.  249-253;  Geol.  Nat.  Hiat.  Survey 
CMtfda,  VoL  lU.  PL  1,  1889.  pp.  88B-«B;  On  the  Later  Fhynognphical  Geology  ol  the  Rocky  Mountain 
Regian  in  OuadR  M  9pM  IMmm  to  OmfM  in  Bentini  and  ike  Histaiy  of  Hm  GImU  Mod* 
Trana.  Roy.  So&  GBBudii.  ToL  yUL  Met  IV,  1880^  PP'  95-74  and  FL  11,  No.  4;  Aomt.  Q&A^  ToL 
1890,  pp.  153-162. 

«  Gilbert,  G.  K..  Uarrim&n  Alaska  Expedition.  VoL  III.  Glacier^  1904.  pp.  118-194;  Nat  Geog.  Mag..  VoL 
ZV.18Ol^pp.440-IM.   

•  Bkooks,  A.  H..  Profeasional         45.  U.  S.  Geol.  Stin  ey.  1906,  pp.  MtHM»,  and  Fh.  XII  and  XZIL 

•  Ddl.  W.  H..  Ahaka  and  lU  Rcwmoes.  Boaton.  1870,  pp.  461-404. 

Wri^t.  6.  P.,  NotM  on  ^  GiMiitioB  of  dw  FlMifie  Goaat,  Aaaw.  NalnnBil;  Vol  ZXI.  Wt,  pp. 

«iO-«56.   

Turr,  R.  S.,  The  Glaciers  and  Glaciation  of  Alaaka,  Scieooe.  N.  &.  VoL  XXXV,  1811^  pp.  841HM8& 
Annals  Aasoc.  Amcr.  Geog.,  Vol.  II,  1912.  pp.  3-44. 
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Spurr,  and  Broob  had  partly  aliowii  tU  finuts,^  htian  the  puUicatum  ol  Biooka's  mofe 
cnnhto  1000  map. 

Eram  this  map  it  may  be  seen  that  the  Pacific  Mountahig  not  only  coBlaiii  mom  and 
higM  graders  than  the  Arctic  Rocky  Mountains  at  present,  but  that  the  same  was  true 

at  the  stage  of  maximum  glaciation.    In  the  Yukon  and  Kuskokwim  valleys  and  on  the 
Arctic  slope  the  glaciers  may  have  extended  short  distances  farther  than  the  limits  shown, 
\     for  the  till  might  be  buried  beneath  outwash  and  recent  alluvium,  but  the  extension 
\     votdd  be  slight.  On  the  Fteific  Gout  fittle  ii  known  of  the  leawanl  limitt  of  the  ex- 

EXRNT  AND  ImPOBTANCB  OV  ALAAKAN  GuiCISBS 

The  prece<fiiig  brief  outline  <rf  our  knowledge  ol  the  present-day  glaciers  of  Alaska 
!  and  of  the  former  extent  of  glaciers  in  that  territnrv'  is  probably  not  complete,  but  it 
suflBces  to  show  two  facts  with  striking  clearness, — first  that  there  is  an  enormous  num- 
ber of  glaciers  in  a  very  large  area,  and  secondly  that  much  remains  to  be  done  on  the 
•farfy  of  AlasVan  ^aciera  and  |^U>ciation  before  i»e  can  daim  to  have  mow  than  the  merest 
iwwmMiwtiitilaiOfiHedgeof  tfaephfinniniwift^  When  we  consider  the 

remoteaoM  of  Ibe  legion,  the  inaccessibilitgr  of  many  pwls  of  it,  and  the  brief  time  in 
which  systematic  exploration  has  been  in  pn^reaa,  the  results  already  obtained  in  the 
study  of  the  Alaskan  glaciers  and  glacial  phenomena  are  noteworthy,  especially  as  the 
glacial  study  has  often  been  but  a  minor  incident  in  otlier  work.  To  the  United  States 
Geological  Survey,  and  especially  to  the  Alaskan  division,  under  the  direction  of  Alfred  H . 
Brooloi,  the  maior  credit  for  these  results  is  doe. 

Rwa  our  oiiffine  of  the  pieseat  knowledge  of  A  iMkim  i^iuekn  it  is  evident  timt  it  would 
be  posnble  to  give,  even  now,  a  much  greater  body  of  spaee  to  the  subject,  for  in  the 
reports  to  which  reference  has  been  made  there  are  many  important  details  and  descrip- 
tions of  individual  glaciers.  This  lias  not  been  done,  however,  because  even  with  the 
fullest  abstracts  of  all  rep>orts,  the  discussion  of  Alaskan  glaciers  and  glaciation  would 
necessarily  be  most  incomplete,  with  great  and  important  gaps.  It  is  our  hope,  in  time, 
lAar  snw  jeea  of  syitematic  woik  in  the  YMious  glader  fi^^ 
lid  to  prsesnt  en  outline  dcscriptioa  end  dieeiMiion  of  Hving^acto 
ena  of  Alaska,  on  the  besit  of  widsr  observatum.  For  sootes  of  years,  however,  it  is  not 
to  be  expected  that  a  complete  account  of  the  ree:ion  will  be  possible.  At  present  we  do 
not  know  even  the  approximate  number  of  Alaskan  glaciers.  There  are  several  hundred 
I  to  which  names  have  been  given;  there  are  dozens  which  are  tidal  and  other  dozens  which 
nsdi  ahnoet  to  the  sea;  scores  reach  b^ond  the  niountsin  base  and  eipand  in  pied^ 
bidbs;  md  aooies  and  prabaUgr  hundreds  of  ^acieri  have  a  kngUi  of  from  ten  to  fifty 
miles  or  more,  hi  a]l»  there  are  some  thousands  ol  leaden  in  the  Alaskan  mountains 
only  a  small  perocntaga  of  wliidi  have  received  names*  and  many  of  wliidi  have  never 
even  been  seen. 

I         The  Alaskan  region  is  one  of  the  most  wonderful  regions  of  ;^'l;i(  iation  in  the  world,  both 
from  tliL'  staiidiKjint  of  number  and  size  of  its  i;l;iciers,  and  from  the  extent  and  variety  of 

>Hi«r«,  C.  W,  NaL  G«og.  iiag.,  VoL  IV,  1892,  PI..  XIX  and  XX.   

8p«r.  J.     I8II1  Abb.  Bept,  U.  &  0«oi  Sam^.  Fut  m.  18S7,  fL  JLULVIL 

Btoelcs.  A  H  ,  20th  Ann  RepU  V.  &  OwL  Soniqr*       ID.  IMOk  Map  tl;  tM  AsB.  Bcpt,  U.  &  GsoL 
flnvqr.  Fkrt  U,  IMl.  PL  XLVn. 
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aaraatod  phenooiaw;  and  a  ttonra^  ftii^ 

tant  sdentific  results.  The  phenomena  of  advance  and  recession  of  the  glacier  termini, 
the  former  extent  of  the  glaciers  and  their  deposits,  and  the  stupendous  work  whirli  they 
have  accomplished  in  sculpturing  the  wonderful  series  of  fiords  are  among  the  phenomena 
demanding  attention.  The  features  exhibited  have  far  more  than  local  importance 
and  application,  for  the  fact  that  we  have  here  large  glaciers  descending  to  sea  level  in 
a  c(mipamtive|y-wann»  humid,  norUi  tmperate  climate  gives  riie  to  pbenom^ 
Ming  tiioae  of  the  wasting  maxgin  of  the  great  oontinental  ice  sheets  of  North  America 
and  lEbnopsb  and,  thenloie>  Ihiour  li^t  upon  and  finniiBh  aid  in  intequeting  tiieae 
phenomena* 
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CHAPTER  U 
THE  GLACIERS  AND  GLACIATION  OF  YAKUTAT  BAY 

Genebal  View  or  xus  Yakutax  Bay  Glaciebs 

doaa)  Shtdiet  in  YahUat  Bag,  Aiwon^  ^  many  glaciers  of  Alaska  those  of  a  few 
areas  have  been  singled  out  for  more  continuous  and  thorough  study  than  others,  either 
because  of  their  accessibility  or  because  the>'  jmssess  features  of  unusual  interest.  Of 
these  areas  three  have  attracted  the  greatest  attention:  (1)  the  glaciers  of  Glacier  Bay 
and  mnity,  (2)  the  gladets  cf  Yakntet  Bigr  and  vicimty,  in«iimi{iig  the  MriMpiiMi  Gla- 
cier: and  (8)  the  glacim  of  thePkinoe  TOUam  Soond  legkn*  inoliMBng  ifaoeeof  lower 
C<^per  Hiver.  The  National  Geogtqihic  Society's  Aladcan  Expeditions  of  1900  and 
1910  studied  the  glaciers  of  the  last  two  regions  and  this  report  deals  mainly  with  the 
results  of  these  etudiee,  oommendiig*  in  this  cfaaptw.  with  the  glacien  of  Yakutat  Bay 
and  vicinity. 

The  results  of  the  work  in  1009-10,  in  so  far  as  the  Yakutat  Bay  region  is  concerned, 
an  w  mtiiiiatebr  idated  to,  and  in  large  part  dependent  iqKm  tiie  lemlta  of  pravioos 
studies  that  it  will  be  oeceMaiy  to  btiefly  ineotpoiata  In  tidi  Iwok  the  move  significant 
points  detet  rained  bjr  the  eai&r  stni&^  this,  thenloie,  a  snmmaxy  of  aevetal 

seasons*  work. 

The  investigations  of  the  glaciers  of  tlie  Yakutat  Hay  region  l)egan  in  1890,  with  Pro- 
fessor Hus^icll's  famous  exploration  of  the  Malaspiua  and  adjacent  glaciers  in  his  first 
cxpefftlnnF  to  Mt.  8t  Bias,*  and  was  oontinned  in  1801  in  his  second  expedition 
Bias.*  Both  before  and  after  Bn  welTs  eipeditions  theie  were  other  ei^Jwations  in  tins 

Kigion,  notably  those  of  Schwatka,  Topham,  Bryant,  and  the  Duke  of  the  Abruzzi,  but 

none  that  contributed  much  that  bears  directly  upon  the  problems  considered  in  this 
report,*  until  the  Harriman  Expedition  in  1899.*  The  next  visit  of  a  scientific  party  hav- 
mg  glacial  study  for  its  object  was  the  United  States  CIcological  Survey  Expedition  of 
1905  in  charge  of  the  senior  author  and  to  which  the  junior  author  was  attached  as  special 
plqniographie  asBstanL*  The  glacieri  and  ^adal  phenomena  observed  during  this  eiqpe- 

'  Under  the  auspice*  of  the  National  Geographic  Society  and  the  U.  S.  Geological  Survey. 

•  RtMeQ.  I.  C.  An  Expedition  to  Mt.  St.  Eliaa.  AUaka;  Nat  Geog.  Mag..  Vol.  III.  1891.  pp.  5S-203. 
•BnneD.  I.  C.  Second  Expedition  to  Mi.  SL  EHm:  TUdHnth  Ann.  Reiit.  U.  S.  GaoL  Sow.  pt «.  UQH 

pp.         Amcr.  Joum.  Sd.,  Vol.  XLIII,  189^,  pp  169-18«:  Joum.  Go-  I ,  Vnl  I,  1895.  pp.  219-245. 

« For  tMbliopaphy  <^  the  Yakutat  Bay  rqpoa  see  I.  C.  Rttasdl,  Nat  Geog.  Mag..  Vol  III.  1891.  pp.  5»-74. 
■■dB.  8.  tm,  Vntmkm^  Vmpet  61 U.  &  G«i  Saraj,  Vm,  MHK. 

•  r,m-^r\,  G.  K..  Glaciers  ,m<\  GlaciMiQa:  HsniiBMB  Ahehs  HipwiWBB,  VoL  rSL  IMM,  Ml  pi^at;  parliee- 
My  pp*  ^70k  104, 170,  and  209. 

•  A  pnft  «(  BMMMj  lor  tlib  iNffpon  WW  nade  b:p  tlie  Amoikan  Geographic 
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dition  are  described  in  several  publications.'  In  the  reports  of  the  work  up  to  and 
including  1905  the  glaciers  of  the  Yakutat  Bay  region  are  fully  described,  ami  their 
more  significant  features  interpreted.  With  a  single  e\(  (  [jtimi,  that  of  Galiano  Glacier, 
the  glaciers  were  found  to  be  waiting,  and  recession  waa  tiic  rule  between  1800  and  1905, 
9B  BuflMll's  obMmktknif  clearly  show  had  bean  the  geotaX  condition  for  ywn  befoio 
his  fint  Vint  of  1800. 

Apparently  having  no  bearing  on  the  problems  of  tlic  gladen  and  glaciation,  but  in 
reality  of  the  greatest  significance,  were  the  observ  ations  of  1905  upon  the  effects  of  the 
great  earthquakes  which  disturbed  the  Yakutat  Bay  region  in  September,  1899.'  For 
on  returning  to  Yakutat  Bay  in  1906,  the  senior  author,  in  charge  of  a  second  United 
States  Geological  Surv^  expedition,  found  that  several  of  the  hitlierto-wastiug  gladeta 
had  begun  s  sudden  activHgr  in  teqMinae  to  an  imiMiIse  deriv<ed  from  the  down-shaking 
of  great  masses  of  snow  in  the  glacier  reservoirs  during  the  earthquakes  of  1809.' 

The  National  Geographic  Society's  Alaskan  Expeditions  of  1000-10  went  first  to 
Yakutat  Bay  in  order  to  determine  what  further  changes  had  taken  place  in  the  interval 
since  1906.  Since  these  later  observations  *  fill  out  and  verify  those  of  the  two  pre- 
vious expeditious,  making,  as  it  were,  a  complete  stury,  it  seems  fitting  to  take  up  the 
Takntat  Bay  region  as  »  whole*  daaciibing  and  interpreting  its  glacien  and  glacial  phe- 
nomcnnmlheli^tof  aUflieatndieafroaallMMeaffBiisadlin  1800  down  to  and  incfaid- 
ing  those  of  the  season  of  191S,  when  the  junior  author  Tinted  Yakntat  Bay  hi  diaige 
<»f  an  excursion  of  the  International  Geological  Congress. 

Location  and  General  Physiographic  Features}  Yakutat  Bay  is  an  indentation  in  the 
otherwise  almost  unbroken  coast  line  that  stretches  between  Cross  Souud  and  Controller 
Bay,  its  mouth  being  near  latitude  50*  40'  north  and  longitude  140*  west.  It  b  about 
40  miles  southeast  of  Mt.  St.  EUas,  and  vwy  near  the  point  where  the  boundary  line 

>  Tit,  R.  8.  aiid  Bfarttn,  Lkwicmx,  OtMervatioos  on  Gkden  aad  Gladatkm  of  Yakutat  Bay.  Aladca:  BalL 

Amer.  Geog.  Soc.,  Vol.  XXXVm,  100«,  pp.  9»-101:  Glacien  and  Glaciation  of  Yakutat  Bay,  Alaska. 
Bull.  Amcr.  Geog.  Soc  .  Vol.  XXXVIII.  1906.  pp.  145-167;  Poaitioa  of  HubUcd  Gkciv  ttoai  m  17M  Mid 
1794;  BulL  Amer.  Geog.  Soc.,  Vol.  XXXIX,  1907.  pp.  129-lSa. 

Tur.R.&.GlMidlRMioDiDAlMka:  Ttop.  fleL  MonlUy.  YoL  IXX,  IMV,  pfk  M-119. 

»  Tarr.  R.  S.  and  Martin,  Lawrence :  Hecent  Change  of  Level  in  Alaska:  Scicncr,  Vol.  XXII,  1905,  pp.  879- 
880;  Beoent  Chaiigea  of  Level  in  the  Yakutat  Bay  RegioD.  Alaaka:  Bull.  Geol.  Soc.  Amer.,  VoL  XVll  1906, 
pp.  89^;  BflontOMiigB  of  Lsvd  in  Aluka:  Geog.  Joura..  Vol.  XXVnH  1906,  pp.  S(M8:  Hie  Yakutat  Bay 
Earthquakes  of  September,  1899.  Professional  V..prr  G9.  U.  S.  Geol.  Survey,  1912.  pp  11-30 

Martin.  Lawrence.  The  Alaskan  Earthquakes  of  1899.  Bull.  Geo!.  Soc.  Amer.,  Vol.  XXI,  1910,  pp.  839-407. 
~  •  Tarr,  R.  S.,  The  advancing  Malaspina  Glacier:  Science,  Vol.  XXV.  1907.  pp.  S4-S7:  Second  Expedition  to 
Takntat  Bay.  Alaska;  BulL  Geog.  Soc;  FUh..  VoL  V.  1907.  pp.  1-14;  The  Malaspina  Glader:  BuU.  Amer. 
Geog.  Soc.,  Vol.  XXXIX.  1907.  pp.  273-285;  Hocpnt  Advance  of  Glaciers  in  tlic  Yakutat  Bay  Region,  Alaska: 
BulL  GeoL  Soc.  Amer..  Vol.  18,  1907,  pp.  257-286.  Also  incorporated  in  the  final  report  for  the  two  e]q)edi- 
tkM  of  1905  and  1905  fa  the  section  OH  fTgrafagraiJ^  and  Gkdal  hWdrm, 
Professional  Papa-  54.  U.  S.  Geol.  Sur\ey.  1909,  pp.  1-144. 

•  Tarr.  R.  S.  and  Martin,  LanTence,  Hie  National  Qvogmflbie  floeiety's  Alaskan  Expedition  of  1909. 
Nat.  Geog.  Mag.,  Vol.  XXI,  1910,  pp. 

Martin,  lAwrence,  The  National  Geographic  Society  Roscnrclics  in  AhdOk  Nat.  Gcqg.  Ma^.,  Vol.  XXIJ^ 
1911,  pp.  537-581;  The  Oubbard  Gl  iri.  r,  P(  p.  Sci  Monthly.  V<'!  70,  1910.  pp.  298-305;  Gletsoln  run  I er- 
■uchungen  lllngs  der  KUste  van  Alaska  Pelermiiuns  Geog.  Milteilungcu.  Jahrgong  1912,  pp.  78-79; 
QM»  Book  No.  10.  Bacmfan  C  8,  btemational  Geologkal  Gongicn,  OtUws,  191S,  pp.  18«ol6i. 

•For  a  more  conipletf  di'ifiissittn  of  flie  iiliysiofnTiphy  of  the  Yakutat  Bay  region  .«;i'o  Tarr,  R.  S.,  Physio- 
graphy and  Gladal  Geology.  Prufessional  Paper  64,  U.  S.  GeoL  Survey,  1909.  For  areal  geology,  aee  Tanr» 
]|.&«adBvlhr,B.&,iUd.pp.  145-164. 
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lieti»Mii  Canada  and  AlmkatamiiiogUwrMpd.  TliBlMjpieraMiiiitalowfoniaiidooeiH 
pied  by  the  iee  plateau  of  Malaapina  Glacier  <m  tho  weat  nd^  but  on  die  watlieut  nde 

composed  of  moraines  and  glacial  gravels  deposited  during  a  former  expaadon  of  llta 
Yakutat  Bay  and  Russell  Fiord  glaciers.  It  then  cuts  across  the  low  front  range  ol 
mountains  to  tlie  base  of  the  lofty,  snow-covered  peaks  of  the  St.  Elias  Range.  It  turns 
twice  at  high  angles,  and  parallels  itself  back  to  the  foreland,  the  distance  from  the  mouth 
ol  the  bay  to  its  head  being  fully  75  miles. 

The  aMua  Yakntat  Bay  iiiiafiraiipMonly  totheouterpartof  (hainlet  (PL  I»  A), 
unnlgr  ontiide  the  mountain  front*  and  thvoogboat  most  of  its  extent  bordered  by  akrnr 
coast,  the  wooded  foreland  on  the  southeast,  the  grayel  Ihm  and  .sandy  beaches  with 
strips  of  forest  on  the  west,  and  behind  these  the  moraine-covered  ice  bank  which  forms 
the  outer  border  of  Maiaspina  Glacier.  This  bay,  which  is  '20  miles  wide  at  the  mouth, 
narrows  progressively  toward  the  head  and,  about  half  way  between  the  mouth  and 
head*  the  numntaina  approach  to  form  the  eontheaitam  ahoie.  At  l&a  head  of  tho 
outer  bay  the  nKrantaina  also  ocmverge  from  the  west,  Ad  here  the  bay  nanroiwv 
From  this  point,  wham  the  mountains  form  both  shores  of  the  inlet,  on  to  the  first  bend 
the  name  Disenchantment  Bay  is  applied.  It  is  Walled  in  by  mountains  rising  abru})t1y 
from  the  sea  to  elevations  of  2000  or  3000  feet  and  is  a  true  fiord,  with  roughly  parallel 
walls  and  a  width  of  from  2^  to  4  miles.  The  name  of  the  bay  again  changes  where  it 
bends  abruptly  at  an  acute  angle,  from  here  on  to  the  head  of  the  inlet  being  called 
BmmD  Fioid.  Eicepting  at  its  very  head  tliia  portion  of  the  inlet  ia  alao  m  momtain- 
walled  fioni  with*  width  of  from  1  to  8  mflei.  TOerethenofthweatetnamofBusicll 
Sknd  bends  slightly,  at  Cape  Endiantment,  the  fiord  bifun  ates,  one  arm  extending 
southward  as  the  southeast  arm  of  Bnmell  fiord*  the  other  extemdkig  eastward  as 
Nunatak  Fiord. 

With  the  exception  of  the  irregidar  coast  hne  of  the  foreland  on  the  southeast  shore  of 
outer  Yakutat  Bay,  and  of  the  head  of  BomeQ  Fiord*  aito  In  the  itudaiid*  the  inlet* 
tlmmifioatalmoatitaentim extant,  baa  a  genmallyatnii^tcoaatll]^  Thanamafrw 
nmll  psogecting  points  and  a  few  small  bays,  bat*  alUioygh  there  are  many  valleya 
tributary  to  the  inlet,  the  mouths  of  mwt  of  them  are  above  the  level  of  the  fiord  waten 
so  that  there  are  few  bays.  There  are  only  two  notable  exceptions  to  this  statement, 
Nunatak  Fiord,  at  the  head  of  which  stands  the  ice  cliff  of  Nunatak  Glacier,  and  Seal 
Bay  in  the  valley  of  which  lies  Hidden  Glacier  whose  glacial  streams  have  deposited 
an  tadamm  ontwash  gravel  plain*  thereby  greatly  ahortening  this  indentation.  Were 
Habbaid  Qader  to  recede  notably,  there  would  doobtleM  be  stiU  other  irregularities 
in  fhB  bay  at  the  bend  where  Disenchantment  Bay  and  Russell  Fiord  unite.  The  in- 
terpretation of  these  features,  which  arc  due  to  the  eroaive  work  of  formerly  expanded 
glaciers,  may  for  the  present  be  postponed. 

The  straight  coast  line  which  Yakutat  Bay  indents  is  a  coastal  plain  built  by  glacial 
deposit,  and  mainly  by  glacial  stream  deposit,  but  wmked  over,  in  Itt  outer  portion  at 
leaat,  by  the  ocean  waves  wiiieh  are  ever  beating  upon  ita  margin  expoeed  to  the  open 
Pacific.^  To  the  aontheaat  of  Yakutat  Bay  this  coastal  plain  ia  stOl  in  process  of  active 
outbuilding,  for  numerous  large  glaciers  descend  from  the  mountains  and  spread  out 
upon  it  at  the  mountain  bnsc.  with  huge  glacial  stream.s  issiiing  from  tlieir  fronts  and 
flowing  in  braided  courses  across  it;  but  these  glaciers  are  evidently  shrunken,  and  the 

*  BlMMda;  £,  Anas.  Jooib.  ScL,  VoL  XXVU*  IMOl  pp,  m^tM. 
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boOdiiig  of  the  idtmbkiB  active  Utanlonnei^    To  the  norUnnest  of  Ytkntat  Bay  tfie 

coastal  plain  is  a  mere  fringe  around  the  mMgiii  of  the  Malaspina  Glacier  and  in  two 
places  is  entirely  absent,  where  the  sea  comes  in  contact  with  the  glacier  at  Sitkaj^i  BluSt 
and  Icy  Bay.    \\Tiat  the  condition  is  heneatli  the  Malaspina  ice  plateau  is  unknown. 

In  the  immediate  vicinity  ol  Yakutat  Bay  the  glaciers  are  greatly  shrunken^  and, 
excepting  on  the  periphery  of  the  MthMfiaB,  Glader  the  conatnmtion  of  the  foieleiid  if 
Vognadng  ytry  slowly.  Yet  this  is  the  braedest  pert  of  the  ooestal  plain,  testi^riiig 
to  the  former  great  activity  of  deposit  by  glecien  end  facial  streams.  That  the  Yaku- 
tat Bay  inlet  exists  in  spite  of  the  former  acti\'ity  of  deposit  is  doubtless  the  result  of  the 
energetic  erosion  by  the  formerly  expanded  glaciers;  and  in  the  foreland  area  itself  the 
existence  of  the  hay  is  probably  due  to  tlie  occupation  of  the  area  by  an  expanded  ice 
bulb  wliich  prohibited  depoj>it  there  while  it  remained,  and  whose  recession  was  so  rapid 
that  deposits  failed  to  fill  the  depresnion.  That  deposit  was  in  progress  ob  the  outer  or 
ooeaa  maii^  of  the  caqiaiided  bulb  that  filled  Yainitat  Bay  is  prov^ 
cnscentic  shoal  completely  acros.<  the  mouth  of  the  bay,  on  porlioas  of  whidl  the  oeeaa 
waves  break  in  times  of  storm.  Terminating,  as  it  did,  in  the  open  ocean,  the  expanded 
Yakutat  Ray  Glacier  was  unable  to  deposit  as  rapidly  here  as  in  the  case  of  glaciers  ending 
on  the  foreland,  for  much  of  its  supply  of  debris  was  borne  off  into  the  open  ocean  in  ice- 
bergs and  spread  over  a  broader  area  than  that  reached  by  streams  charged  with  glacial 
dAnis. 

On  the  inner  margin  of  the  coastal  plain  the  mountains  ribe  abrnptity.  To  tibe  sooth- 
east  of  Yakutat  Bay  the  Fairweather  Range  rises  in  magnificent  proportions,  almost 
from  sea  level,  to  elevations  of  from  10,000  to  15,000  feet  or  more,  broken  only  by  the 
glacier-skirt  Alsek  valley  and  by  a  series  of  broad  glacier-filled  troughs.  With  snowline 
descending  to  within  3000  or  4000  feet  of  sea  level,  with  glaciers  in  all  the  valleys,  and 
with  its  lofty  peohs  of  vwied  fonn  and  elevation*  thisis  one  cf  the  giandest  nuntntaan 
panonunas  in  the  would  with  the  whole  mountain  range,  from  crest  to  bas^  afanoet  at 
sea  levd,  exposed  to  view  as  one  sails  along  the  coast  for  a  full  day  (see  frontispiece). 
This  panorama  is  perhaps  not  even  rivalled  by  the  St.  Elias  Range  itself,  wlii<  h.  though 
higher,  lies  farther  away,  with  Malaspina  Glacier  between  it  and  the  sea.  Between  Mt. 
St.  Elias  and  the  Fairweather  Range  proper  the  lofty  mountains  of  the  continuous  chain 
lie  farther  back  from  the  coast  and  are  separated  from  it  by  lower  mountains  and  by  the 
fiinge  of  coastal  plain  aheadsr  desoibed.  These  foothills  rise  to  no  great  height,  nadj 
reaching  devatioos  above  5000  feet;  but  their  crests  are  snowKsapped,  whUe  ^aciers 
lie  in  most  of  the  vaU^s;  and  through  the  larger  ones  descend  great  glaciors,  fed  among 
the  higher  mountains  of  the  St.  Elias  Range  farther  inland.  Both  arms  of  the  Yakutat 
Bay  inlet  pierce  the  fooLhills,  making  a  complete  cross  section  through  tliem,  and  extend- 
ing to  the  base  of  the  cr^'stalline  mountains  of  the  St.  Elias  Range.  Here  the  mountains 
rise  rapidly  in  elevation,  reaching  hei^^ts  of  from  10,000  to  16,000  feet  within  a  few  miles 
of  the  shone.  From  the  shores  of  this  bay  the  full  grandeur  of  the  St  Elias  Range  is 
seen  perhaps  at  its  best,  and  certainly  from  a  central  vantage  point.  Mt.  Fairweather 
'  (lff,S80  feet)  is  visible  to  the  southea.st,  the  striking  pyramid  of  St.  Elias  (18,024  feet^  to 
the  northwest,  Mt.  Logan  (10,500  feet)  to  the  north,  Mt.  Hubbard  (16,400  feet)  to  the 
northeast,  M{.  Vancouver  (15,017  feet),  Mt.  Cook,  (14.700  feet),  Mt.  S<\ittle  (10,000 
feet)  and  a  multitude  of  other  great  peaks,  many  of  them  unnamed,  still  nearer  at  hand, 
while  in  the  foreground  are  tmnunerable  lesser  peaks. 
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CMMMqfllbElKulMyabaiafjpn.  The  ngioii  b«hveen  Cm  Soand  and  Cook  Inlrt 
Hie  seat  <rf  tiie  moft  eztenaiye  pieaeniKlBy  glaeuitioii  on  Hkt  North  Americui  miuiilend, 

aad  includes  some  of  the  largest  gladera  in  the  world  outside  of  the  Arctic  and  Antaietie 
Tegions.  Yakutat  Bay  lies  near  the  center  of  this  area  of  extensive  glaciation,  bcraiise 
it  is  about  in  the  center  of  the  lofty  St.  Elias  Range  up  wlioso  slopes  the  winds,  which 
blow  prevailinfjly  from  the  ocean,  bear  their  burden  of  vapor  day  after  day.  The  un- 
broken mountain  chain,  which  causes  the  air  to  rise,  interposing  a  lofty  barrier  of  cold, 
latium  ft  heaivy  ptedpitotkiii  of  anow  at  all  aeaaoni.  At  Sitka,  to  the  aoutheaat,  the 
inecipitationi«ii8eatan59tol40inclMaayear;  aiidatNiielMk»to1]ieweat,anaoniial 
pror  limitation  of  190  inches  has  been  leootded.  The  hea\nest  pieeqntatum  ii  in  autumn 
and  wnntor.  Both  of  these  stations  are  at  sea  level  and  we  have  no  records  nearer  Yaku- 
tat Bay  in  tlie  mountains  of  the  St.  Elias  Range;  we  know  only  that  the  snoxs-fall  there 
is  exceptionally  heavy,  under  the  favorable  combination  of  an  unbroken  mountain  bar- 
mr  and  inwailing  onshore  'winds,  blowing  from  a  sea  wbote  temperature  is  raised  by 
tiie  infioiw  of  wann  water  froin  the  aoudk. 

On  all  the  moimtains  aeept  the  Ttgj  kivreit  tiiere  are  extennve  snowfields,  on  all  of 
them  the  snowfall  is  heavy,  and  above  4000  or  5000  feet  the  precipitation,  both  summer 
and  winter,  is  practically  all  in  the  form  of  snow.  From  these  vast  snowfields,  and  from 
others  farther  back  in  the  moimtains,  ice  tongues  radiate,  flooditi}^  all  the  valleys  and 
hliing  the  larger  ones  with  vast  glaciers,  some  of  which  end  in  the  sea,  others  on  the  land 
at  tiie  moontam  haae. 

Omend  Charaeteridiei  cftke  Olaeier$,  As  yet  there  has  been  no  detailed  stodj  of  the 
^acieta  among  the  mountains  back  from  the  sea,  but  glimpses  of  portions  of  the  region 
have  been  obtained  from  elevated  points  by  various  observers.  The  authors  have  hwked 
into  this  snow  and  ice-covered  mountain  region  from  several  of  the  low  mountains  near 
the  coast,  and  they  have  had  descriptions  of  portions  of  it  from  prospectors.  The 
topographers  of  the  Boundary  Commission,  notably  A.  J.  Brabazon,  in  1805,  and  the 
Bomidaiy  Samy  partiei  in  1906  and  1907  in  diaige  of  Frenumt  Mocm  of  the  United 
Statea  Coast  aad  Geodetic  Siirvtj  have  seen  a  nmch  tnder  ana  aad  have  portrayed 
it  on  tiie  maps,  while  some  of  their  i^otographs  show  the  condition  very  clearly  in 
the  snow  and  ice-flooded  region  along  this  part  of  the  Alaska-Canada  boundary. 
From  a  far  better  vantage  point  than  either  of  these,  upon  the  higher  slopes  of  Mt. 
St.  Elias,  both  Prof.  I.  C.  Russell  and  the  Duke  of  Abruzzi  have  looked  dcm'n  upon 
fln  vast  aea  of  wdow  and  ice.  No  better  wofd  picture  of  the  supply  region  for  the 
ghden  of  Yakntat  Bay  and  vicinity  has  been  given  than  that  of  Profesaor  BaaaelU 
which  is  ao  vivid  that  it  deserves  quotation  in  all  desciiptimis  of  this  land  of  glaciers. 
Standing  upon  Boasell  Col,  on  a  northern  shoulder  near  the  summit  of  Mt.  St.  Elias 
in  1891,  and  looking  northward.  Professor  Bussell  saw  a  view  whidi  he  describes  in 
the  following  words: 

**\Vhat  met  my  astonished  gaze  was  a  vast  snow-covered  region,  limitless  in  expanse, 
throng  i^udi  hundreds  and  perhaps  thousands  of  barren,  angular  mountain  peaks  pro- 
jected. Tlierewasnota8tream,notalake,andnotavestigeof  vegetation  of  any  kind 

in  fl^t.  A  more  desolate  or  more  utterly  lifeless  land  one  never  beheld.  Vast,  smooth 
snow  surfaces  without  crevasses  stretched  away  to  limitless  distances,  broken  only  by 
japged  and  angular  mountain  peaks.  .  .  .  The  view  to  the  north  called  to  mind  the 
pictures  given  by  Arctic  explorers  of  the  borders  of  the  great  Greenland  ice  sheet,  where 
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rocky  bknda,  known  as  'mmatakg/  ak»ie  Ineak  Hm  monoCooy  ol  the  boundless  se«  of 

Filii>}>o  (If  Filij)pi  describes  the  same  %new,  as  seen  by  tlie  Duke  of  Abruzz.i's  party  from 
RuAseU  Col,  us  follows.'  Looking  to  the  northwest  they  beheld  "  an  interminable  stretch 
of  snow  and  ioe^  an  mfimte  series  of  loir  mountain  diaans,  bristling  iritii  namberiess, 
jagged,  shaip-pointed,  and  piecqikitoas  peaks,  where  neks  and  ioefidds  were  cloeelymter- 
mingled."  From  the  summit  of  Mi.  St.  Elias  the  panorama  revealed  "an  umespkned 
waste  of  glaciers  and  mountains,  a  vast  zone  bristling  with  sharp  peaks  and  crags,  rugged 
and  pre<ipitous  to  the  sonth,  snow -covered  to  the  north,  and  surrounded  by  vast  snow- 
fields  free  from  crevasses,  and  connected  wOk  each  otlier  by  the  snowy  cola  of  the 
mountain  chains.  The  medium  altitude  of  the  snow  fields  is  about  7000  feet,  that  of  the 
mountains  frtnn  9000  to  10,000  feet.  No  words  ean  cq»ess  tiie  utter  desolatiMi  of 
this  immeasurable  waste  of  ioe,  whidi  Bussdlhascomparedwiththeioesheetihatooven 
Greenland.  No  smallest  trace  of  v^t&tion  can  be  discerned  on  it,  no  mnning  wateVt 
no  lake.  It  might  be  a  tract  of  primitive  chaos  untonclicd  by  the  harmonizing  forces 
of  nature.  Surveying  this  .strange  scene  we  realized  for  the  first  time  that  we  were  close 
to  the  limits  of  the  mysterious  Polar  world." 

This  is  the  oonditum  not  only  north  of  Mt  St.  Elias,  but  east  and  southeast  of  it 
(PL  TO  past  the  glacientiiat  enter  Yakutat  Bay,  past  those  that  enter  the  Aladc  River, 
and  down  to  the  supply  ground  of  the  Muir  Glader  and  the  gMwien  of  the  Fslrweather 

Range. 

Where  not  too  steep,  the  mountain  slopes  and  tops  are  buried  beneath  fields  of  snow, 
and  with  every  snowstorm  more  is  added  to  be  avalanched  into  the  valleys.  So  much 
snow  is  sliding  from  the  mountain  slopes,  or  falling  in  the  valleys,  and  there  being  trans- 
Ibnned  into  Racier  ic^  tiiat  the  valine  are  drowned  in  a  flood  of  snow  and  ioe  which 
rises  high  up  on  the  vaUqr  sides.  The  cirques  are  deeply  filled,  the  divides  are  buried 
to  a  great  depth,  and  lower  peaks  are  partly  or  completdy  submerged  beneath  the  vast 
aceumnlation  of  snow  and  ice.  The  result  is  that  there  are  extensive  areas  of  snow-cov- 
ered ice  between  the  higher  peaks,  and  these  areas,  being  often  in  divide  regions,  are  tlie 
supply  ground  of  glaciers  radiating  in  several  directions.  It  is,  therefore,  possible  to 
travd  from  the  tetminus  of  <nie  of  the  ^adeis  tip  to  the  ioe^ulmierged  divide  area,  and 
thenoe  proceed  down  to  the  tenninus  of  any  <»«  of  the  severd  gbders  fed  from  the  8 
broad  reservoir;  but  it  would  be  difficult  to  tdQ  where  the  one  glacier  ends  and  the  other 
begins.  To  such  a  glacier  condition  the  name  through  glacier  has  been  applied  (Pis.  III^ 
VII,  LVIII,  LX,  A,  and  Fig.  12).  Where  well  developed,  as  it  is  east  of  Ru.ssell  Fiord, 
the  through  glacier  condition  forms  an  intricate  maze  of  broad,  rather  flat-topped  glaciers 
of  moderate  slope,  which  so  submerge  the  mountains  as  to  give  them  the  appearance 
of  a  drowned  mountainous  hmd,  like  the  island-ddrted  coast  of  southeaetetn  Alaskn.* 

The  snowfaU  in  these  broad  reservoir  areas  is  so  great  tliat  the  ice  suilaoe  is  leveM 
it,  and  usually  the  moderate  slope  and  the  de^  snow-cover  combine  to  cause  asmootih 

>Bium11.LC.,  Second  Expedition  to  Mt  St  Eliu:  Tliiiteaidi  Aim.  BepU  U.  S.  Geol.  Survey,  pt.  2.  1892, 
p.  47. 

•  The  Ascent  of  Mt  St.  Kli  is,  .\laska,  by  II.  R.  II.  Luipi  .\tiii^.ico  di  Savoia.  Duke  of  the  Ahnizzi,  N'arrated 
by  f  ilippo  de  Filippi,  iiiuatrated  by  Vittoho  Sella  and  translated  by  Signora  Linda  Villari  with  the  author's 
mrmiAm,  loodoa,  WKK  pp.  14»-14^  IfS. 

•Tkin  B.  8..  Tin  Tafartst      Bcfian,  Ali^  MMkad        H  U.  a 
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surface,  with  few  crevasses.  Therefore,  once  the  cre%'asscd  ice  that  is  often  present  below 
the  snow  line  is  passed,  these  through  glaciers  form  excellent  highways.  Tho.se  to  the 
east  of  Yakutat  Bay  were  followed  by  many  prospectors,  in  lSdd-1899,  as  the  most  feasi- 
Ue  loiite  to  th«  AlMk  villey ,  aiMl  Umv  dadget  and 

ftiO  be  aeen  on  and  near  the  tennunu  of  Nunatak  Glacier,  Fourth  Glacier,  and  at  tht 

head  of  Russell  Fiord. 

Feeding  the  large  through  glaciers,  both  in  the  ice-submerged  divide  areas  and  in  their 
lower  courses,  are  many  valley  glacier  tributaries  which  descend  from  the  mountains  that 
rise  abo\  e  tlie  ice  flood.  None  of  them  are  as  yet  named,  and  none  of  them  have  so  far 
been  studied,  excepting  only  those  on  the  slopes  of  Mt.  St.  Elias.  They  appear  to  offer 
BO  mwnal  features,  and  nothing  is  known  that  dictingixithes  them  from  ordinary  Alpine 
^sden  above  mdow  fine.  Some  are  smaU  and  steep,  others  long  and  with  moderate 
dope^  and  many  increase  in  steepness  near  their  lower  ends,  frequently  forming  ice  cas- 
cades as  they  descend  from  their  valleys  to  join  the  main  ice  mass.  The  latter  condi- 
tion, characteristic  of  the  majority  of  tributary  glaciers  in  this  region,  is  due  to  former 
glacial  erosion  which  lowered  the  main  valley  and  left  the  tributary  valleys  haugitig; 
for  great  thou^  the  expanse  of  snow  and  ioe  in  this  r^ion  is  at  present,  it  is  far  less  than 
loinMit3r  ensted,  even  in  tiie  mxpi^  anas.  Indeed,  in  some  eum,  it  is  evident  that 
picsent-day  through  glaciers,  now  flowing  in  opposite  directions,  wtM  ioauadj  contiB- 
nous  ^aciers,  flowing  in  one  direction  across  the  divide.  It  b,  in  part  at  least,  as  a  result 
of  this  former  condition  that  the  divide  areas  have  been  so  lowered  by  glacial  erosion 
that  they  are  now  flat  enough  to  be  drowned  by  ice  and  snow  and  serve  as  the  distribu- 
ting area  of  a  system  of  radiating  glaciers.  At  present  there  is  a  network  of  glaciers 
flowinK  in  vurions  dtatlons  in  tiie  dqtressions  between  the  higher  peaks;  formerly  this 
nelwoik  was  even  more  ertewiive  but  the  diiection  of  flow  was  often  changed  and  even 
reversed. 

The  ice  supply  of  these  through  glaciers  comes  from  three  principal  sources,  (1) 
directly  from  snowfall,  since  the  snow  line  lies  between  2000  and  8000  feet  in  the  area 
of  the  through  glaciers,  (2)  from  avalanches,  (3)  from  tributary  glaciers.  From  the  last 
two  sources  are  supplied  rock  fragments  as  well  as  snow,  and  these  are  incorporated 
ttioo^koat  tiie  ice^  thooi^  naturaQy  in  greatest  abundance  near  the  ^ader  margins  and 
akog  hmoda  mediaQy  placed  by  the  junction  of  glaciers.  A  third  souioe  of  rock  frag- 
ments is  through  erosion  by  the  iee  itself,  and  this  d6bris  is  mainly  concentrated  in  the 
bottom  layers.  From  these  several  sources  the  Alaskan  glaciers  receive  a  large  supply 
of  debris;  but  this  is  not  apparent  above  the  snow  line  where  the  white,  snow-covered 
surface  (PL  IV)  shows  the  presence  of  rock  fragments  only  occasionally  where  a 
fiedily  fdlen  acvalanche  has  not  yet  been  bulled  beneath  snow.  Below  the  snow  Une^ 
however,  the  ptesenoe  of  abundant  rode  imgments  becomes  i^qMrent,  ^Huse^  by 
ablation,  they  become  coaoentrated  on  the  ioe  surface^  often  oonpletdy  oovering  the 
leader  in  its  lower  portion. 

The  abundant  supply  of  rock  fragments  from  avalanches  is  dependent  upon  at  least 
five  favorable  conditions,  as  follows:  (1)  weathering,  which  is  very  active  in  these  high 
mountains,  whose  steeper  slopes  are  exposed  to  sharp  changes  in  temperature;  (2)  the 
abundant  snowfall  whidi.  forming  deep  aocumulations  on  the  mountain  slopes,  and 
sttatnhig  a  condition  of  instability,  is  all  the  time  sliding  (k>wn  the  sl<^  and  by  its  ero- 
sion tearing  off  portions  of  the  mountaui  itsdf ;  (8)  the  condition  of  the  ioek»  which  in 
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many  places  is  friable  schist  or  slate,  or  sheeted  aud  jointed  gneiss  and  granite  that  is 
readily  broken  o£f  by  weathering  or  by  avalanche  erosion;  (4)  the  oversteeping  of  the 
valley  slopes  by  long  contiiiued  gbdal  eronoii»  cMuing^ffi  and  precipicM  down  wfaidi 
rode  fragments  are  all  the  time  avalwirhing  to  fhe  glacier  auilaee;  (5)  eatthquake  ohatr 

taring  and  shaking,  forming  rifts  in  the  rock  and  thus  aiding  in  weathering  and  in  tha 
production  of  rock  avalanches,  and  earthquake  ffh«1"ng  acting  directly  as  A  cauae  for 
abundant  avalanches  of  snow  and  rock. 

Since  tlie  St.  Elias  Range  rises  abruptly  from  near  sea  level,  presenting  a  steep  face 
toward  the  sea,  the  larger  glaciers  to  which  the  heavy  snowfall  gives  rise  easily  find  their 
way  down  to  or  near  aea  level,  for  die  snow  line  even  en  the  aeawaid  &ce  ol  tlie  moan- 
tains  is  not  more  than  3000  or  3500  feet,  wliile  in  aeciiona  leaa  eq>oaad  to  the  waim  air 
and  rains  of  the  ocean  it  is  no  higher  than  2000  or  2500  feet.  For  great  glaciers  to  puab 
tlieir  termini  down  3000  or  S.)00  feet  below  snow  line  is  not  difficult.  Shorter  glaciers 
fail  to  do  so,  and  in  the  Yakutat  Bay  ref,'ion  there  are  scores  of  such  t'laciers,  some  ending 
almost  at  snow  line,  others  descending  part  way  to  sea  level.  Such  glaciers  differ  but 
slightly,  if  at  all,  from  the  type  ol  ordinary  Alpine  gladen,  and  in  a  lagion  of  abundant 
great  ^bdera  attiact  ao  little  attention,  that  th^  have  ao  far  reooved  little  atndy,  and 
are  for  the  most  part  still  unnamed. 

Of  tlie  large  placiers  which  reach  nearly  or  quite  down  to  sea  level  there  are  four  dis- 
tinct types.  The  first  of  these,  illustrated  by  Hidden,  Fourth,  and  Black  Glaciers,  ia 
not  greatly  different  from  ordinary  valley  glaciers,  tliough  in  the  case  of  the  first  two, 
forming  a  part  of  a  through  glacier  system.  The  glaciers  of  this  type  are  enclosed  and 
tenninate  in  mountain  valleyst  ending  near  aea  levd.  The  leeond  type  of  glacier  lathe 
tidal  glader,  illuatmted  here  by  Nunatak  (PL  V),  Tumer  and  Hubbard  Gladm. 
These  may  all  be  parts  of  a  throu^  ^buuer  system,  as  Nunatak  and  Hubbard  Glaciera 
certainly  are;  hut  boiow  the  supply  area  they  have  the  characteristics  of  valley  glaciers 
of  large  .size,  mov  ing  vdlh  great  rapidity.  Instead  of  ending  on  the  land,  however, 
they  terminate  in  ice  cliffs  rising  out  of  the  sea,  and  discharging  icebergs  into  it.  The 
third  type  of  glacier,  which  may  or  may  not  be  part  ot  a  through  glacier  system,  has 
diaracteriatica  of  an  Alpine  vaJky  Racier  in  ita  mountain  vallqr,  but,  being  fovoed 
beyond  the  mountain  front,  terminates  in  an  expanded  foot,  or  bulb,  at  the  mountain 
base,  where  no  longer  confined  between  mountain  walls.  Such  a  piedmont  ice  bulb  may 
lie  entirely  outside  the  mountains,  as  on  the  coastal  plain  whieh  skirts  the  St.  Elias 
Range,  illustrated  by  Galiano  Glacier  and  other  large  irlariers  to  the  southeast  of  Yakutat 
Bay  (PL  I,  B),  or  it  may  He  iu  a  broader  valley  within  the  mountains,  as  in  tlie  case  of 
Variagated  Glacier  in  Yakutat  Bay;orbett«atillhitkeAIIefiandlfilesGlacienQltiui 
Cojppet  Biver  valley.  The  fourth  type  is  the  {uedmont  ice  plateau,  of  whidi  tihe 
Malaspina  Glacier  is  the  typical  example,  made  by  the  union  of  two  or  more  piedmont 
ice  bulbs.  Malaspina  and  Bering  Glaciers,  the  largest  known  examples  of  this  chuss, 
are  each  made  by  the  union  of  many  glaciers;  but  there  are  other  eases  of  tlic  same  type 
where  oiJy  two  or  three  glacier  bulbs  are  united, — for  example,  the  piedmont  bulb  made 
by  the  union  of  Atrevida  and  Lucia  Glaciers,  just  west  of  Yakutat  Bay. 

InadditiontothedtflFeraioesbetweentheaefourtypesof  leaden  just  m«ntk^  there 
are  other  notable  peculiarilates.  The  tidal  gjader  maintains  activity  to  its  very  front, 
and  in  all  cases  observed  in  this  region  is  crevassed  down  to  the  ioe  oliff;  but  the  other" 
types  gradually  Hiwiiniah  in  activity  toward  their  ends  and  finally  assume  almost  ooiii-> 
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pletc  stxipnation,  and  in  the  case  of  portions  of  the  piedmont  bulbs  actual  stagnation. 
In  some  c.ises  the  outer  portions  of  the  biilhs  become  completely  motionless.  More- 
over, the  tidal  glaciers  terminate  farther  back  in  the  mountains  than  the  other  types,  for 
the  tea  Mts  into  tliem  more  rapidly  than  the  raint  and  wann  air  can  tuA%  away  thoee 
^aaexs  which  end  <m  the  land. 

As  a  result  el  these  peculiarities  there  are  among  these  glaciers  distinct  differences 
in  the  phenomena  attending  the  destruction  of  their  outer  portions.  From  the  steep 
faces  of  the  crevassed  tidal  glaciers  icebcrfis  are  constantly  thundering  as  tiiey  fall 
into  the  sea  or  rise  from  the  submerged  base  of  tlie  ice  cliff.  Both  ice  and  debris  are 
home  away  from  the  glacier  front,  the  ice  to  melt  and  the  debris  to  be  deposited  at  a 
Being  beck  the  moinitMnst  in  a  cooler  Hiiwflfiti  then  is  less  melting  of 
the  surface  of  the  tidal  leaders  than  of  those  that  pioject  as  piednu»t  bulbs  b^jrond  the 
nountain  face.  There  is  consequently  less  water  emerging  from  these  tidal  glaoien» 
nnd  that  which  does  issue  comes  out  mainly  from  ice  tunnels  beneath  the  sea.  Because 
of  the  rapidity  of  ice  motion,  the  relative  slowness  of  melting,  and  the  active  discharge 
of  icebergs,  the  tidal  glaciers  have  small  amounts  of  debris  upon  their  surfaces.  Only 
sloQg  Ikfb  lataial  margins,  where  the  motioii  diminishes,  where  iodl>erg  discharge  is  eith«r 
chednd  or  entirely  stopped*  and  whoe  the  debris  supply  ie  gveat*  are  there  sKtensiye 
fields  of  rock  fragments  accumulated  on  the  surface  as  a  vesuH  of  abhtian. 

Those  glaciers  which  terminate  in  their  mountain  valleys  are  somelinies covered  byfields 
of  debris,  but  in  other  cases  have  little.  The  Black  Glacier,  for  example,  is  completely 
buried  beneath  morainic  debris  in  the  lower  third  of  its  valley  portion;  Fourth  Glacier 
has  some  debris,  but  not  much,  while  Hidden  Glacier  is  one  of  the  freest  from  debris 
eovcref  all  the  ^aciets  of  the  region;  but  this  is  in  part,  if  not  entirely,  due  to  the  fact 
tint  its  real  tenninus  was  buried  (up  to  IIHMI)  beneath  an  ootwash  gravel  plain.  The« 
piedmont  bulbs  and  piedmont  glaciers,  on  the  other  hand,  are  always  either  i>artly  or 

I  «»mpletely  buried  beneath  broad  fields  of  morainic  waste.  This  is  due  to  the  fact  that 
these  are  large  glaciers,  with  much  incorporated  rock  debris,  which  spread  out  beyond 
the  mountain  front,  assiune  a  condition  of  stagnation  or  semi-stagnation,  and  then  slowly 
mute  away  in  the  cool  temperature,  rainy  climate  of  the  Alaskan  coast.  Ablation  then 
ciMKsntrstes  lodk  fragments  on  the  ice  siuface,  giving  rise  in  soBie  cases  to  are^ 
•qnare  miles  of  barren  rocky  dftris,  wbkh  has  been  called  an  ablation  moraine.^  It  oon- 
osts  mainly  of  dAris  avalandbed  down  upon  the  gladsr  within  the  mountains,  incor- 

j      porated  in  the  ice  mass,  and  near  the  glacier  terminus  concentrated  at  the  surface  by 

I       the  wasting,  or  ablation,  of  the  ice.    In  the  more  stagnant  jjortions  of  the  glacier  the 

i      ablation  moraine  becomes  so  thick  that  it  serves  to  so  protect  the  glacier  that  further 
ndling  ptooeeds  very  Amfy,  Then  llm  soil  assumes  such  stability  that  plants  may 

I     9aA  a  foothold.  On  the  inner  margins  of  this  pwtion  of  an  ablaticm  nuwahie  willowB 
•ad  alder  bush^  are  found  as  scattered  individuals  or  in  clusters ;  but  on  the  outer  mar- 

I      gin  the  ablation  moraine  may  become  so  stable  that  forests  of  cottonwood  and  spruce 
grow,  with  trees  a  half  centur\'  or  mon^  old.^  The  MAla^ina^,  Lucia,  and  Atrevida  Gla* 

.      ciers  each  furnish  illustrations  of  this  condition. 

« Tarr,  H.  S  .  The  Yalnitat  Bay  Region,  Alaska.  Prnfciisional  Pnpor  M,  T'.  S.  Geol.  Survey,  1909.  p.  S7;  Tarr, 
8^  Some  Pbgnomena  of  the  Gkder  Mugini  in  the  Yakutat  Bay  Begioo,  Alaaka,  Zcatuchrift  fOr  Gletacfaes^ 
faai^  Bud      IfOB,  pp.  85-n. 
•IwH  L  C,  Ulh  An.  Btpt,  U.  S.  Q«L  8an«r.  UBi  Pk.  Xm;  XI7. 
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It  is  partly  the  presence  of  the  nbl'itlon  moraine  on  these  piedmont  glacier  bulbs  that 
permits  them  to  remain  in  a  tempera  le  climate  so  far  from  the  momitain  front  and  esaen- 
tiaUjr  at  aea  lefvdi.  Without  the  protection  from  the  morainic  oow  theie  bulbs  would 
olnecetnty  waste  ftwiay;  with  it  tb^  linger  for  Mora  iilyMn  even  wbanaUfurt^ 
supply  ceaaes.  How  slowly  the  ice  wastes  is  attested  by  the  fsct  tiiat  dense  fotests  tbzi^ 
in  the  morainic  soil  that  covers  the  glacier. 

When  the  ice  melts  entirely  away  the  ablation  moraine  forms  a  thin,  irregular  veneer 
on  the  surface  where  the  glacier  hull)  formerly  stood,  and  the  sites  of  hdenil  moraines 
arc  marked  by  benches  and  terraces  of  morainic  drift;  but  terminal  moraines  are  not 
extensively  developed  at  the  front  of  the  piedmont  ice  bulbs,  thoQ^ 
at  the  fronts  of  gbuaers  winch  tenninate  within  Ibeir  mountain  valkys,  and  prabaUy 
also  in  boot  of  those  which  end  as  tidal  glaciers.  The  failure  to  devel<9  teiminal  mo- 
raines around  the  front  of  tlic  j>iedmont  bulbs  is  easily  understood  when  one  considers 
that  the  ice  in  them  is  either  stagnant  or  so  slowly  moving  that  ver\'  little  debris  is  brought 
to  the  glacier  end,  and  that,  therefore,  there  is  no  opportunity  for  notable  concentration 
of  depodli. 

Instead  of  moraines  around  the  peripheiy  these  piedmont  bulbs,  the  frontal  accu- 
mulations that  are  most  noteworthy  are  those  Imni^t  and  deposited  by  streams.  There 
is  much  melting  over  the  ttitire  bulb  area  and  even  in  the  mountain  vallqr  above  it»  and 

this  abundant  water  is  supplied  with  great  quantities  of  sediment.  Streams  issue  from 
various  portions  of  the  ice  front,  some  of  them  very  large,  and  all  heavily  charged  with 
sediment,  varying  in  texture  from  fine  clay  to  large  j)ebbles  and  small  bowlders.  Much 
of  this  sediment  must  be  quickly  deposited  en  the  plains  tiiat  intervene  bclwoen  the  ioe 
front  and  the  sea  and  that  are  themsdves  the  product  of  this  same  stream  deposit.  If 
the  ice  of  the  piedmont  Headers  of  the  Yakutat  Bay  region  should  melt  away,  without 
further  change,  the  position  of  their  fronts  would  be  traced  by  a  series  of  alluvial  fans 
sloping  away  from  the  ice,  while  on  the  site  of  the  ice  itself  there  would  be  a  thin,  hum- 
mocky  deposit  of  bowlder  strewn  moraine  derived  from  the  ablation  moraine  of  the  gla- 
ckn.  Stream  deposition  is  exceedingly  active  in  this  region  of  abundant  water  supi^y 
and  sediment  load;  but  nHmnne  dqmsit  is  slow  and  quite  ineffective. 

The  Otaeierg  of  Yakutat  Ba^.  As  has  be^  stated*  there  are  scores  of  glaciers  in  and 
near  Yakutat  Bay,  but  tlie  great  mi^cnity  have  as  yet  received  no  detailed  study,  be- 
cause they  are  small  individuals  in  a  region  of  much  larger  glaciers,  and  because  they 
present  no  features  of  exceptional  interest,  in  a  region  where  a  nnmber  of  the  glaciers 
have  features  of  decided  interest.  Some  of  these  smaller  glaciers  were  studied  and  photo- 
graphed durini;  the  eatpeditions  of  1005  and  1900  and  are  biiefly  desenbed  in  the  reports 
upon  the  woik  of  those  years,  but  in  the  National  Geographic  Society's  expeditions  of 
1000-10  attention  was  paid  to  only  the  larger  glaciers,  and  those  smaller  ones  that  were  of 
special  interest.  In  later  chapters  the  results  of  these  studies,  in  the  light  of  our  pre- 
\nous  knowledge  of  them,  are  stated  in  detail;  here  it  is  intended  merely  to  briefly  charac- 
terize and  locate  these  more  important  glaciers. 

Beginning  with  the  western  portion  of  the  area,  there  is  the  Malaspina  Glacier,  the 
largest  of  all.  a  vast  piedmont  ice  plateau  made  by  llie  union  of  the  piedmont  bulbs  of 
several  large  glaciem  and  many  smaller  ones.  Most  of  its  peripboy  is  covered  by  ab]*- 
tion  moraine,  and  in  places  this  moraine  supports  a  forest  of  alder, cottonwood,andspnice. 
The  easternmost  tributaiy  to  the  Mala^ina  is  Hayden  Glacier*  which,  however,  contri- 
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botes  fittle  ice  to  the  plsteau;  IratjiMt  to  the  west  cl  the  HsTden  the  great  lAwvine  Gla- 
cier descends  from  the  mountains  and  supplies  the  ice  which  forms  the  eastermnost  of 

the  four  lobes  of  the  Malaspina  Glacier.  The  low  ice  cliff  of  this  lobe  of  the  glacier  lies 
just  back  of  the  west  coast  of  Yakutat  Bay  from  near  Point  Manby  to  the  Kwik  River, 
being  separated  from  the  sea  by  a  fringe  of  alluvial  fans  across  which  many  large,  swift, 
facial  ftraams  flour.  The  Idarviiie  lobe  of  the  lAalaiqniia  GUdar  is  of  di^^ 
fatenat  baeanaa  of  the  lapid  diaaga  ham  atagnalinn  to  aetivitj  iHiidi  iraa  obaervad  in 
IMS. 

East  of  the  Malaspina  Glacier,  and  between  it  and  Yakutat  Bay,  axe  three  glaciers 
which  extend  beyond  their  mountain  valleys  and  spread  out  in  piedmont  bulbs.  The 
largest  of  these,  the  Lucia,  is  the  westernmost  and  it  is  now  separated  from  Malaspina 
Glacier,  to  which  it  was  undoubtedly  formerly  a  tributaiy,  only  by  the  gravels  of  the 
Kvik  Biver  alhivial  fan.  Immediately  east  of  the  Luda,  and  ooalaacing  with  il;  la  the 
pjadmnnf  bnib  of  Atoevida  Cflaaar.  Bothof  tiieaabiilbi^acienaiepartiyooivaved  witli 
aUation  moniiie  and  on  their  outer  stagnant  teimini  nqpiKNtt  lorata  of  alder,  cotton- 
wood  and  spruce.  Atrevida  Glacier  changed  from  a  stagnant  to  an  active  condition 
between  September,  1905,  and  June,  1906,  and  Lucia  Glacier  was  changing  in  1900. 
Galiano  Glacier,  the  smallest  of  these  three  glaciers,  changed  from  stagnation  to  activity 
aeaoetime  between  1800  and  lOOff ,  probably  after  1800.  Its  piedmont  bulb  extends  prao> 
tieallj  to  Iha  dioraa  of  Yakntat  Baj  froBi  whidi  it  la  aqMxata^ 
beach.  TwoortiuM  miles  to  the  east  of  Galiano  Glacier  is  the  aHH  amaWfir  Black  CMacier, 
which  has  no  piedmont  bulb,  and  is  interesting  especially  because,  thou^  so  near  the 
Galiano,  it  gives  no  evidence  of  having  undergone  notable  change  in  condition. 

On  the  west  side  of  Disenchantment  Bay  is  the  large  Turner  Glacier,  a  tidal  glacier 
with  an  ice  cliff  2^  miles  in  length,  which,  though  changed  slightly  each  time  it  has  been 
eboerved,  Aown  no  audi  praoomiead  variation  in  oomfition  as  thoae  just  nmntiniiad. 
Jnai  iMvlii  of  H,  Imwotw,  ia  n  amalkr  ^adcr,  oaDad  Hae^ 

vida.  was  absolutdy  transformed  between  1005  and  1006,  having  become  biokan  and 
having  advanced  nearly  a  mile  and  as.sumed  tidal  condition  in  an  interval  of  ten  months. 
Just  north  of  this  is  the  small  Miller  Glacier,  which  had  a  similar  transformation 
about  1001. 

Next  to  these  is  the  Hubbard  Glader,  the  largest  tidal  glacier  in  the  region,  fed  by 
two  large  tributariea  from  aooie  unknown  source  far  bade  among  the  mountains  and  h^ 

iaig  a  tidal  front  5)  to  8  miles  in  length.  It  presents  many  interesting  features,  and  in 
1000  had  a  very  slight  advance.  Variegated  Glacier,  whose  piedmont  ice  bulb  coalesces 
with  the  southeastern  .side  of  the  Hubbard,  presents  the  interesting  condition  of  a 
piediiiftnt  bulb  in  a  valley,  instead  of  at  the  base  of  tlie  nioniitain  front.  It  resembles 
Atrevida  and  Lucia  Glaciers  in  its  ablation  moraine,  though  it  lacks  forest  growth.  It 
dvala  Atwvida  Glacier  in^  the  extent  of  ite  tranafonnation  between  1006  and  IOCS. 
Akaoat  coakadng  with  the  Vaiiagatad  ia  the  Orange  Glacier,  entirely  confined  to  ite 
mountain  valley,  imchanged  since  first  observed  by  us  in  1905,  and  forming  the  \\  ( stem 
end  of  a  through  glacier,  whose  other  end  is  just  back  from  the  shores  of  Nunatak  Fiord. 
Near  the  southeastern  end  of  this  through  glacier,  a  hitherto  unnamed  glacier,  to 
which  we  have  given  the  name  Butler  Glacier,'  descends  from  the  mountains,  and 

s  After  Mr.  B.  S.  Butler  of  the  U.  S.  Geol.  Sunrqr,  whoae  effideat  aid  ooathbuted  great^  to  tlie  success  ol 
1k»  IMS  airf  UN  c^MdUoBi  to  TakaM  Bagr. 
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emerges  from  its  broad  mountain  valley,  then  qneada  out  in  a  piedmont  bulb  readiing 

almost  to  the  shores  of  Nunatak  Fiord. 

Just  east  of  this  {jiedniont  hull)  is  the  ice  olifT  of  the  tidal  Nunatak  Glacier  whose  his- 
torj'  since  first  seen  in  1891  up  to  1910  was  one  of  continued  recesaion;  but  between 
August,  1909,  and  June,  1910,  H  advanced  about  1000  feet  It  haa  also  a  wasting  land 
tongue,  or  diatribntaiy,  and  above  its  aid  hangs  the  OiiBrwding  Ghder,  the  typecitk 
series  of  similar  cascading  glaciers  in  this  region  and  elsewhere  in  Alaska.  Opposite,  on 
the  north  side  of  the  fiord  is  Hanging  Glacier  which  no  longer  cascades  over  its  hanging 
valley  lip.  Hidden  Glacier,  to  the  southwest  of  Nunatak  Glacier,  was  of  peculiar  inter- 
est in  1905  because  the  outwash  gravel  plain  which  separated  its  stagnant  terminus  from 
the  sea  rested  for  a  distance  on  the  glacier  ice,  which,  by  melting,  gave  rise  to  a  pitted 
plain.  AU  this  is  now  dcstrogwd,  for  irhen  seen  in  1900  Hidden  Glad«rwM 
focmedt  havii^  also  nndeigane  a  qwsmo^  advance  since  last  viated  in  1006.  The 
last  Racier  of  the  series  studied  in  1909-10  is  Fourth  Glacier,  which  terminates  within  its 
mountain  valley,  just  back  of  the  mountain  front,  being  a  tj'pical  valley  glacier  tongue 
of  a  through  glader  system.  It  shows  no  sign  of  other  recent  change  than  that  of 
recession. 

Other  names  have  been  proposed  for  this  glacier,  notably  Beasley  Glacier,  but  we  pre* 
ler  the  name  Fourth  Glader,  by  whidi  it  is  known  locally,  and  because  there  seems  no 
good  leasQil  for  attempting  to  substitute  another  name.  Besides  being  sanctioned  by 
local  usage,  and  by  the  United  States  Geographic  Board,  the  term  Fourth  Glacier  hdps 
to  record  one  of  the  bits  of  history  of  this  region,  as  Malaspina,  Haenke,  Atrevida  and 
other  names  record  other  historic  events.  In  1898-99  Yakutat  Bay  was  visited  by 
large  numbers  of  prospectors  who  undertook  to  reach  the  reputed  gold  fields  of  the  Alsck 
valley  by  an  ovmoe  route»  or  else  attempted  to  reada  the  Klondike  distiictlqr  an  eader 
route  than  that  over  White  Ams.  Gomg  up  Yakutat  Bay  ki  boats  they  named  the  laige 
glaciers  in  their  order,  First  (Turner),  Second  (Hubbard),  Third  (Nunatak),  and  Fourth 
Glacier,  passing  by  Hidden  Glacier,  which  perhaps  they  did  not  sec,  without  naming  it. 
Parties  crossed  by  both  the  Tlnrd  and  Fourth  Glacier  routes.  It  is  an  interesting  episode 
in  the  history  of  this  re^^ion,  and  in  the  mining  history  of  Alaska,  and  it  is  our  belief  that 
it  is  best  to  retain  this  one  of  the  names  that  these  adventurous  prospectors  applied  to 
tiie  region. 

F<mMr  ExpantUm  qf  ike  Yiikutat  Bm^  CMtn.  Throu^iout  the  entiie  Yidnitai  Bay 

region  the  evidence  is  complete  that  all  the  glaciers  have  at  a  former  period  been  far  more 
extended  than  at  present.*  The  period  of  greatest  extension  of  the  glaciers  was  recent  in 
a  geological  sense,  but  was  at  least  several  centuries  ago,  for  a  mature  forest  grows  on  the 
deposits  laid  down  by  these  expanded  glaciers. 

There  are  several  lines  of  evidence  upon  vdiich  the  condusion  is  based  that  these  glar 
deis  were  fmnerly  far  greater  than  now.  In  llie  first  i^ac^  throui^out  the  regkm  tiie 
valleys  diow  dear  signs  of  pronounced  facial  erosion.  The  vall^  walls  are  scored, 
grooved,  polished  and  smoothed  to  elevations  far  above  sea  level,  and,  in  those  valleys 
in  which  glaciers  still  linger,  to  elevations  far  above  the  surfaces  of  the  present  glaciers. 
Tributary  valleys  hang  above  the  level  of  Y  akutat  Hay,  Disenchantment  Bay,  Russdl 

I  Tarr,  R.  S.  and  Martin.  lAwreno^  Gfamm  sod  Gtsdation  of  YakutotBajr.  Akaka,  BdL  Aai.  Geof.8oei» 
Vol.  XXXVm,  1906,  pp.  lM-164. 
TtaivB. Bw,Th»  Yakntat  BajB^ioo,  Alaaha. MeMiaaal  F^crHi  C.  B.  GtA.  Somy;  1M».IV> M-ltT. 
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IWd,  and  Nunatak  Kcnd;  Moondaiy  tribuUiiea  to  these  lateral  vaU^  hang  above 
tkm;  and  hanging  valleya,  many  with  raanadi 

faces  of  aO  the  larger  existing  glaciers.  Many  of  these  glaciera  head  in  cirques,  except 
in  the  case  of  the  through  glaciers.  A  second  evidence  of  former  expansion  is  the  pres- 
ence of  out  wash  gravels  along  the  shores  of  the  inlet  in  places  where  glaciers  arc  no  longer 
present  or  dejjositing  gravels,  and  even  as  far  out  as  tlie  mouth  of  Yakutat  Bay.  The 
third  proof  is  the  distribution  of  transported  rock  fragments  and  the  development  of 
mnime  terraces  at  elevations  high  above  die  levd  of  the  inlet,  and,  where  glaciers  are 
pnaent*  hi^  above  tiidr  pwacnt  anrfaceis.  Such  deposits  ooenr  all  along  the  ahoies  of 
tte  inlet,  to  the  west  of  Yakntat  Bay  above  the  eastern  margin  of  Malaspina  Glader,  and 
in  the  valleys  of  the  larger  glaciers  ^vhirli  come  down  to  Yakutat  Bay.  The  moraine 
terraces  descend  in  the  direetion  of  the  ocean,  and  are  evidently  to  be  correlated  uith 
the  deposits  whicn  constitute  the  fourth  evidence  of  former  glacier  expansion, — the 
timnwrfcy  moraine  irhidi  fomis  the  southeastern  maigln  of  Yalcutat  Bay,  as  far  oat  as 
Yakutat,  the  similar  moraine  about  the  head  of  BusseD  Fiord,  and  the  crasoenlae  de- 
poHt  which  extends  as  a  submarine  ridge  across  the  outer  part  of  Yakutat  Bay. 

From  these  four  lines  of  evidence  it  has  been  concluded  that,  at  the  period  of  greatest 
expansion,  all  the  glaciers  were  much  larger  than  now, — Malaspina  Glacier  then  rose 
much  higher  on  the  slopes  of  the  mountains  west  of  Yakutat  Bay,  its  tril>utaries  were 
greater,  it  received  tributaries,  notably  Lucia  and  Atrevida  Glaciers,  that  are  now  dis- 
eoanected,  and  it  coalseeed  with  a  gwettfbcierlhnt  filled  Diae^ 
ntat  Bay  out  as  far  as  Yakntat  and  the  submetged  moraine  that  stretdieB  In  efeooentie 
form  from  Ocean  Cape  westward  to  Point  Manby.  To  this  eqianded  glacier  that  filled 
Yakutat  Bay,  the  name  Yakutat  Bay  Glacier  has  been  given;  and  the  similar  expanded 
glacier  in  Russell  Fiord  has  l)ecn  called  the  Russell  Fiord  Glacier.  The  latter  glacier 
completely  filled  Russell  Fiord  and  terminated  in  a  piedmont  bulb  on  the  inner  edge  of 
die  foniaad,  vthere  it  has  left  a  crescentic  moraine  from  which  outwash  gravels  slope 
seawmtL 

Sinoe  tiie  pctiod  of  «»M-rimiim  glacier  expansion,  and  far  more  reoently  than  it,  there 
has  been  a  minor  advance,  by  which  the  united  Hubbard  and  Turner  Glaciers,  joined  by 
others, pushed  southward  into  Disenchantment  Bayand  southeastward  into  Russell  Fiord, 
while  Xunatak  Glacier,  coalesced  with  Hidden  Glacier  and  others,  pushed  northwest- 
ward into  the  northwest  arm  of  Kusseil  Fiord,  and  southward  into  the  south  arm  about 
two  lliirds  of  the  way  to  the  head  of  the  bay.  During  this  advance  a  lake  was  fonned 
in  the  iqyper  end  of  BusseU  Fiord  whose  dmnlfaie  can  be  eadly  seen  and  traced.  This 
advance  of  the  glaciers  was  of  such  brief  duration,  and  of  sudi  moderate  intensity,  that 
the  ice  erosion  did  not  succeed  in  removing  the  gravels  previously  deposited.  It,  there- 
fore, contrasts  strikingly  willi  the  earlier,  prolonged  advance  by  which  the  l»ed  rock 
was  scoured  out  to  a  depth  of  many  hundred  feet  by  the  powerful  erosive  action  of  the 
expanded  glaciers.  Bet)»een  these  two  ice  advances  there  was  a  long  interval  during 
idridh  ^  glaciera  leoeded  even  farther  than  at  present,  and  forest  growth  extended 
ttrooi^kout  the  fiord,  and  even  up  the  valleys  now  occupied  by  the  ^acien.  The  ter- 
mination of  the  last  advance  was  but  a  short  time  ago^  at  the  most  but  ncentniy  or  twOk 
and  the  recession  from  this  stage  of  advance  was  apparently  still  in  progress  as  late  as 
1905.  The  proof  of  the  recency  of  the  last  ad\  aiu  r,  and  of  the  ice  rec  ession  fn)ni  lliiit 
stand,  is  the  condition  of  the  vegetation  growing  in  the  area  occupied  by  the  ice  and  the 
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lake  water.  In  the  outer  portion  of  the  area  covered  by  the  expanded  glacier,  a  dense 
growth  of  mature  alder  and  some  cottonwood  covers  the  overridden  gravels,  but  the 
growth  TWpAdfy  decreases  in  amount  and  density  toward  the  present  Racier  fronts.  In 
Seal  Bay  and  Nunatak  Fiord  theie  are  only  aeattered  individual  jdants,  and  the  density 
of  alder  growth  gradually  increases  thence  toward  the  portions  of  tha  inlet  ivhere  the 
expanded  glaciers  ended.  In  other  words,  this  period  of  ice  advance  was  so  recent  that 
only  a  part  of  the  area  is  as  yet  occupied  by  vegetation  (PL  \  I),  and  the  outer  portion 
is  occupied  only  by  the  advance  growth  of  alder  and,  in  the  extreme  south,  of  cottonwood. 
Thespruoafoicgtflf  the  Alaakancoaathaanotyrthadllnic  toadv^^  region 
from  ufaieh  the  gladert  have  so  recently  receded. 

Recent  Recession  of  the  Glaciers.  In  Professor  Bossdl's  Visits  to  the  Takutat  Bay  region 
in  1890  and  1891  he  found  the  glaciers  to  he  in  general  in  a  state  of  recession.  Dr.  Gilbert's 
observations  in  1899  led  him  to  the  same  conclusion,  and  our  observations  in  1905  showed 
that  the  glaciers  were  still  wasting  away.  The  evidence  of  this  condition  of  recession  is 
partly  inferred  from  the  characteristics  of  the  glaciers  and  the  conditions  at  their  borders, 
and  partly  obMrved  by  direet  oompariaon  at  tiie  later  dates  ivithobservatMinamada 
during  the  earlier  studies.  RusseIl»Gilbert,andtheauthorBof  this  book,  have  all  noted 
the  fact  that  many  of  the  leaden  are  covered  by  ablation  morainea  at  their  lower  ends, 
and  that  in  some  of  the  more  stagnant  portions  these  ablation  moraines  bear  forests. 
From  this  condition  the  inference  is  perfectly  warranted  that  the  glaciers  in  these  regions 
are  wasting.  More  specific,  however,  is  the  evidence  around  the  glacier  borders,  both 
at  tiba  aidea,  and,  in  thoae  iriiich  end  on  the  land,  at  tiidr  fronts.  ^Wlule  forest,  or  at 
least  alder  OPL  VI,  B),  extends  neatly  up  to  the  front  off  many  of  the  ^aciera,  and  alao 
grows  on  the  valley  sides  above  them,  there  is,  near  many  off  the  glaciers,  a  zone  in 
front  of  and  just  above  the  glaciers,  which  is  barren  of  vegetation  (PI.  VI,  A).  From 
such  a  condition  one  infers  with  certainty  that  the  ice  has  withdraT^Ti  from  such  areas 
so  r(x  ently  that  vegetation  has  not  yet  had  time  to  encroach  upon  it.  The  extent  of 
shrinkage  indicated  by  this  class  of  evidence  varies  with  different  glaciers,  but  it  was 
present  to  atmie  degree  in  the  neif^bodliood  off  afanort  all  the  ^taders  studied,  and  in 
aome  it  indicates  a  great  and  long-oontinned  shrinkage.  This  is  particularly  true  in 
Nunatak  and  Russell  Fiords,  as  already  stated  in  the  preceding  section.  Here  it  ia 
certain  that  in  the  last  century  the  recession  has  amounted  to  many  miles. 

By  the  j)hotographs  taken  by  Professor  Russell,  though  they  %\cre  taken  merely  as 
incidents  in  a  work  of  different  object,  a  basis  was  established  for  future  record  of  the 
changes  in  the  position  off  the  fronts  ol  some  of  the  ^aciers;  mmI  stiU  forUier  basis  for 
sndi  comparative  work  was  established  by  the  photographs  of  the  Canadian  Bonndaiy 
Commission  in  1895.  Naturally,  therefor^  Dr.  Gilbert  instituted  such  comparisons 
when,  in  1899,  he  visited  the  region  as  a  member  of  tlic  Hurriman  Expedition:  and  he 
added  a  new  basis  for  future  comparison  by  taking  photographs  of  still  other  glaciers.  We, 
in  1905,  therefore,  had  a  body  of  photographic  evidence  upon  which  to  study  the  changes 
of  positions  of  the  glacier  fronts  during  recent  years.  This  study  of  photographic  rec- 
Oids  shows  that  some  of  the  Naders,  notably  Hnbbard  and  Tuner,  changed  but  littl» 
between  1891  and  1006,  but  that  Nvnatak  and  Hidden  Ghiciers  receded  greatly  be- 
tween 1809  and  1905.  For  the  smaller  glaciers  there  is  no  photographic  bans  for  a  atate- 
ment,  though  the  other  evidence  gives  conclusive  proof  of  recession  in  many  cases. 

In  1889  the  Haniman  Expedition  added  still  another  basis  for  future  studies  of  the 
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positions  of  the  larger  glaciers  by  the  construction  of  plane  table  maps  by  Mr.  Henry 
Gannett.  Maps  of  similar  character  were  also  made  by  the  United  States  Geological  Sur- 
vey expeditions  of  1905  and  1906  by  Messrs.  Butler  (in  1905)  and  Rich  (in  1906).  It  was 
ptft  of  the  plan  of  the  National  Geographic  Society's  expeditions  of  1909-10  to  make  more 
drtaSled  maps  of  the  huger  i^bden  of  Yakntat  B«7  as  a  bant  lorlutiueatiidiei  of  the 
diaagieB  in  Uiese  ^aden,  and  for  this  piupoae  (me  ol  the  topographers  of  the  United 
States  Geological  Surs^ey,  Mr.  W.  B.  Lewis,  was  attached  to  the  eq>editioM.  AwnirtiMl 
by  E.  F.  Bean  and  F.  E.  Williams,  he  has  made  the  contour  maps  which  accompany 
this  book.  All  future  students  of  the  glaciers  of  tliLs  region  will  find  in  their  carefully- 
made  maps  a  reliable  basis  for  comparison  of  the  positions  of  the  glacier  fronts  as  they 
may  change  from  time  to  time. 

Raettd  AiismieB  Ui$  QIadtn,  EaiUer  in  thia  diapter  it  hat  been  intonated,  and  in 
ether  publications  stated  ifith  full  detail,'  that  some  of  the  gladets  in  the  Yakutat  Bay 
region  have  been  recently  subjected  to  an  advance  of  such  unusual  character  as  to  lead 
to  the  desire  to  study  the  phenomenon  further.  It  was  primarily  this  desire  that  led 
us  to  return  to  the  Yakutat  Bay  region  in  1909  and  1910,  and  the  results  of  the  work  of 
these  years  that  are  of  most  value  relate  to  the  phenomena  attending  the  advance  of  the 
l^bdeiB.  These  lesuiUwiH  be  stated  in  detail  in  later  cha|>teis  devoted  to  the  diseoss^ 
flfin^vidnal^aciefs;  but  in  etdertlial  these  details  may  appear  in  their  proper  setting 
it  seems  desirable  to  maire  a  general  statement  concerning  the  phenomenon. 

In  190.5,  while  a  general  condition  of  recession  characterized  the  great  majority  of  the 
Yakutat  Bay  glaciers  one,  Galiano  Glacier,  presented  convincing  evidence  of  change  to 
activity  in  the  interval  since  it  was  photographed  by  Russell  in  1890.  Then  it  had  a 
stagnant  piedmont  bulb  on  whose  ablation  moraine  a  forest  of  alder  and  Cottonwood 
giev,  proived  both  by  Bossdl's  description  and  by  his  photographs  and  also  shown  by 
Bonndaiy  Snrvey  i^tographs  in  1885.  This  forest  growth  had  entirely  disappeared 
in  1905,  but  the  jHedmoot  bulb  was  again  stagnant  and  covered  by  ablation  moram^ 
tliough  \\ith  only  young  alders  scattered  here  and  there.  Nei£rhl)oring  glaciers,  for  in- 
stance Atrevida  to  the  west  and  Black  Glacier  to  the  east,  gave  no  evidence  of  similar 
change,  and  no  such  evidence  was  found  in  any  other  glaciers.  Puzzled  by  the  phe> 
nomcna,  and  foroed  to  tiie  hypothemi  that  il  was  in  some  way  conneeted  with  the 
earthquakes  of  1800,  we  made  no  attempt  at  explanation  but  merely  described  the 
CmAb.  We  were  not  at  aU  prepared  lor  the  momentous  dianges  wliich  oecnned  in  the 
interval  between  the  summers  of  1905  and  1906. 

Returning  to  Yakutat  Bay  in  1906,  the  senior  author  found  four  glaciers  absolutely 
transformed,  and  all  the  others  unchanged.  These  glaciers  tJiat  were  so  altered  in  the 
brief  interval  of  nine  or  ten  months,  are,  named  from  west  to  east,  the  Marvine  Glacier 
and  tiie  eastern  kbe  of  the  Ifslaspina  Glacier  that  is  fed  by  the  Ifarvine,  the  Atrevida 
Gkeier.  Haenke  Glacier,  and  Variegated  Glacier.  In  the  sununer  of  1000  one  oouU 
travel  over  the  snifaces  of  these  glaciers  at  will.  On  two  of  them,  Atrc\'ida  and  Varie- 
gated Glaciers,  we  walked  freely,  on  the  former  late  in  August,  witliout  recognizing  any 
signs  of  coming  change  to  activity.  The  glaciers  were  crevnsscd  slightly  only  here  and 
there,  and  out.side  the  mountain  were  in  a  stagnant  or  semi-stagnant  condition  and  cov- 
ered with  a  waste  of  ablation  moraine;  but  in  June,  1906,  all  four  glaciers  were  trans- 

>See  especially.  Tarr.  E.  S.,  The  Yakutat  Bay  RegioD.  Alaoka,  Profeuional  Taper  04,  U.  S.  Geol.  Survey, 
MMt  pp.  41-10.  EmvfflbefoaadiKicraieestoollwrpiAlMitkMiatlMfiA^ 
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formed  to  a  sea  ot  cnVBsses;  and  not  aafy  was  it  impooaible  to  travel  over  their  surfaces, 

but  it  was  not  even  possible  to  climb  up  on  the  glaciers  except  by  the  most  difficult  ice 
work.  Furthermore,  the  glaciers  were  even  then  actively  advancing,  and  the  advancfe 
extended  out  even  to  the  fully-stagnant  margins,  overturning  forests  of  alder  and  Cot- 
tonwood that  wen  growing  on  tiwooter  poitiolU  ol  1^ 

NotodlywefetiieioesarfacesbiolcmbyamaBeof  CKvaasesyBi^  had 
hitherto  been  gentlj'-sloping,  moraine-covered  icebanks  transformed  to  stcvp  ice  eliffi 
crowned  by  bristling  ice  pinnacles,  but  the  margins  were  pushed  forward,  and  the  hither- 
tofore  stagnant  piedmont  bulbs  were  thickened.  Ilaenke  Glacier  had  advanced  to  tidal 
condition;  the  Atrevida  and  Malaspina  Glaciers  were  pushing  into  the  fon^st  that  fringed 
their  margins;  and  Variegated  Glacier  had  become  notably  thicker  and  had  crowded  out 
awt  a  rock  gorge,  dMtioyiiig  the  glacial  atieam  that  had  occupied  it  in  1906* 

It  was  evident  from  these  facts  that  the  leaden  in  question  had  been  subjected  to 
some  imusual  impulse  that  had  caused  a  sudden  forward  movement  by  which  they  had 
been  pus!:o(I  forward,  thickened,  and  their  surfaces  greatly  broken.  In  seeking  for  an 
explanation  for  such  a  phenomenon,  not  hitherto  recorded,  only  one  cause  seemed  ade- 
quate, namely,  the  effect  of  the  severe  eartliquake  shocks  to  which  this  region  was  sub- 
jected in  1899.  The  liypothesis  put  forward  by  the  senu>r  author  was  that  the  repeated 
violent  shaking  during  the  earthqnafces  that  occurred  between  September  8  and  89, 1899* 
threw  so  much  snow  and  ice  into  the  reservoirs  of  the  glaciers  that  a  wave  of  motion  was 
Sterted  which  reached  completely  down  to  the  terminiis  of  Galiano  Glacier  before  1905« 
and  which  was  pa.ssing  down  the  four  other  glaciers  during  1906.  In  testing  this  hy- 
pothesis ^ith  the  facts  available,  all  were  found  to  be  in  harmony  with  it,  none  were  dis- 
covered that  were  opposed  to  it,  and  no  other  hypothesis  could  be  suggested  which  had 
no  fatal  objections  to  it. 

While  the  hypothesis  of  earthquake  cause  for  this  advance  seemed,  tiMfefoce,  well 
supported  it  vtas  desired  to  subject  it  to  .still  further  test,  and  it  was  one  of  the  main 
objects  of  the  expedition  of  1909  to  apply  these  tests.  Tliere  were  three  such  tests  which 
we  had  especially  in  mind.  In  tlie  first  place,  if  the  advance  were  due  to  this  cause,  it 
should  be  confined  to  the  region  of  violent  earthquake  shaking.  By  inquiring  regarding 
the  condition  of  glaciers  southeast  of  Yakutat  Bay,  as  in  Glacier  Bay,  and  by  study  of 
some  of  the  glaciers  of  the  Prince  William  Sound  region  to  the  northwest  wo  were  able 

adequacy  in  support  of  the  hypothesis.   In  view  of  the  multitude  of  f^MAm  in  the  region 

to  the  southeast  and  northwest  of  Yakutat  Bay,  the  fact  that  among  the  comparatively 
few  which  we  were  able  to  study  or  gain  specific  information  about,  we  found  none  that 
furnished  evidence  of  spasmodic  advance,  is  only  contributoiy  evidence.  For  final  testi- 
mony other  studies  over  a  wider  field  are  necessary. 

The  second  test  is  that  of  the  behavior  of  other  gladeis  in  the  Yakutet  Bay  region  in 
the  interval  between  1906  and  1909.  U  the  hypothesis  proposed  is  ocwrect,  probably 
some  of  the  smaller  glaciers  of  Yakutat  Bay  had  advanced  befcm  1905,  and  certainly 
some  of  the  other  glaciers  of  the  region  ought  later  to  show  signs  of  the  appearance  of 
the  wave  of  advance.  This  was  predicted  in  the  report  on  the  expeditions  of  1905  and 
1906.*  There  is  reason  to  believe  that  there  was  an  advance  of  some  of  the  smaller  gla- 
ders  before  1905,  though  it  is  now  difficult  to  obtain  convindng  evidence;  but  liwt  the 

1  TaiT,  B.     The  YakuUt  Bay  Rtffon,  AUaka,  ProfeMional  Paper  U,  U.  S.  G«ol.  Survey.  1909.  pp.  9S-94. 
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wm  of  advBiioe  was  extended  to  other  gladen  between  1900  and  1910  wm  etrikiiiglr 
illus  trated  by  Hidden  Glacier,  wiiich  had  advanced  two  miles  and  become  greatly  faralDen, 
by  Lucia  Glacier,  which  was  actively  advanc  ing  and  greatly  transformed  by  orevassing 

dniing  the  summer  of  1909,  and  less  strikint^Iy  hy  Iluhbard  Glacier,  whose  eastern  mar- 
gin was  just  beginning  to  advance  in  1909,  and  by  Nunatal^  Glacier,  which  had  a  ali^t 
advance  in  1910. 

The  thmi  test  was  that  of  cessation  of  advaaoe  in  those  glacios  that  had  moved  tor- 
waidinlOOS.  With  a  sodden,  great  addition  of  snow*  qiiiddytcnniiiated^ 
by  a  spasmodic  advance  of  the  i^acieri  thus  supplied,  it  would  be  expected  that  the  wave 
of  advance  would  soon  die  out  and  the  condition  of  stagnation  return.   This  was  also 

predicted,'  and  our  ohscrv^ations  of  1909-10  show  clearly  that  the  prediction  was  corre^'t, 
for  all  of  the  advancing  glaciers  of  190C  had  rvturned  to  stagnation  in  1909,  and  the  break- 
ing of  the  ice  had  been  so  healed  by  ablation  that  we  were  once  more  able  to  travel  over 
the  glaciers,  though  witih  Csr  lees  ease  than  in  1900. 

It  is  believed  that  the  observationB  of  1909  add  the  furflier  facts  ueueasM 
atnlie  the  hypothesis  put  furwaid  in  1006,  and  that  we  are  nofW  wamnted  in  stating  the 
cqdanation  with  confidence,  as  an  established  hypothesis, — a  new  cause  for  glacier  ad- 
vance. The  sudden  forward  rush  of  a  glacier,  accompanied  by  pronounced  thickening 
and  extensive  surface  breakage,  may  be  called  a  glacier  jUxxi  and  the  resemblance  to  a 
river  flood  is  noteworthy.  When  heavy  rainfall,  or  unusual  melting  of  snow  occurs  in 
llw  vpper  icadMs  of  a  liver,  a  wmve  of  rising,  rapidly  downnnoiving  wat^ 
may  cause  a  flood  all  along  the  coome,  and  if  a  portion  of  the  liver  is  ioe  coveted,  the  . 
rigid  ice  cmst  will  be  shattered  and  heaved  into  a  maze  of  broken  ice  blocks;  but  imder 
ordinary  conditions  the  river  behaves  more  normally,  slowly  rising  and  falling  with 
variation  in  supply.  So  in  a  ghu  ier,  under  ordinary  conditions,  variations  in  supply 
manifest  themselves  in  moderate  advance  or  recession;  but  when  a  deluge  of  snow 
•ad  ice  is  tluown  down  in  its  upper  reaches  the  condition  for  a  spectacoilar  advanee, 
a  Racier  flood,  are  introduced.  The  ice  stream  flows  on  more  n^ndly,  its  rigid  iqiper 
and  marginal  portions  are  cracked  and  broken,  its  surface  rises,  and  its  front  is  puriied 
forward.  There  is,  however,  a  striking  difference  in  time  occupied  by  the  two  classes 
of  floods.  A  river  flood  passes  from  the  source  to  the  mouth  of  the  river  in  a  few 
hours  or  a  few  days,  and  its  effects  are  soon  past;  but  the  far  less  mobile  ice  requires 
several  years  for  the  transmission  of  the  glacier  flood,  and  its  duration  is  months  long, 
while  years  are  reqtnred  to  bring  the  ioe  soriaoe  back  to  its  pre-flood  state.  There  is 
»  striking  difference  also,  in  the  mode  of  motion,  lor  the  moUle  river  water  itself 
travels  down  stream  to  form  the  flood  while  in  the  ^ader  flood  the  advance  and 
breaking  of  the  mass  is  due  to  the  passage  of  a  wavcb  not  to  actual  bodily  transfer  of 

ice  from  glacier  reservoir  to  terminus. 

With  these  facts  in  mind  it  is  quite  proper  to  predict  the  advance  of  other  and  longer 
glaciers  in  the  Yakutat  Bay  region  as  a  result  of  avalanching  during  the  1899  earthquakes. 
The  oacillatiomii  of  other  Alaskan  leaders,  for  which  there  is  no  known  dimatic  warrant, 
may  be  due  to  other  earthquakes.  Barthqwake  avalanrhing  may  even  be  responsible 
for  oscillations  of  mountain  leaders  in  other  regions,  as  for  example  in  the  Himalayas 
and  other  youthful,  snow-capped  monntains  still  frequently  faulted  and  shaken  by  seis- 
mic disturbances. 

>       B.  S,  The  Ydnrtrt  Bqr  B^ioo,  AhikiW  Menoiid  FSpar  6«,  U.  S. 
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WIOi  this  gaml  vifliw  «l  the  gMen  of  iJw  Ydratat  Bay 
f or  undeiilflndiitg  thdr  man  diaiaeteristies 

■ell  in  1880  and  1891,  we  will  proceed  to  the  study  of  the  individual  glaciers,  and  than, 
upon  this  basis,  to  a  consideration  of  the  features  of  general  interest  and  their  interpre- 
tation, including  their  bearing  upon  the  interpretation  of  the  Pleistocene  drift  phenomena 
of  North  America  and  Europe.  In  this  study  free  use  will  be  made  of  the  results  of  pre- 
ykm  woik,  aa  wdl  aa  ol  the  mm  ohaervationa  ol  1909  and  1910,  the  purpose  being  to  set 
foirththaplienoiiianaofgladatSmimthMiagim  U|^t  of  a  aeriea  of  inmtigatknig 
each  of  ivlikli  haa  added  aomething  to  a  atoiy  of  giader  oooditioii  and  bchamr  of 
mote  than  ordinafy  intoeat*  and  of  qiiite  mnaiiai  chanetar. 
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ThB  MALAflmU  GUkODB 

Oemni  l>0ienftietu  RrainiDOW^ooTmdlibiiiitSt  Elm 
and  10,500  feet  blglw  and  fiom  the  10,000  to  16^000  foot  moantaaia  to  the  east  and 
IPeet  a  moHttude  of  glaciers  descend,  the  six  largest  of  which  named  from  west  to  east, 
an  the  Guyot,  Tyndall,  Agassiz,  Seward,  Marvine,  and  Ilayden.  These  glaciers,  fed 
by  many  tributaries,  have  their  aoiuces  £ar  back  among  the  mountains  and  their  upper 
portions  are  unknown. 

IWhere  th^  emerge  from  their  mountain  valleys  they  are  broad  ice  streams,  ranking 
•moig  the  Uttgeet  of  the  Alaskan  valley  glacien.  The  great  Tohuneof  ioe  iddeh  ikmi 
o«t  of  tfaeae  ytSkf»  mMoeg  to  buikl  the  broad  fee  pbteau  (Fl.  VII)  whfeh  skirU  the 
■MMBtain  base  from  Yakittat  Bay  to  Bobineon  HOli,  whidi,  aeeording  to  Russell,  has 
an  area  of  about  1500  square  miles,  more  than  the  area  of  the  state  of  Rhode  Island, 
and  far  the  largest  glacier  in  Ameriea,  or,  for  that  matter,  in  all  the  world,  excepting 
only  in  the  polar  regions. 

The  single  evaders  loee  their  individuality  at  the  mountain  base,  where  thegr  all  eoalesoe 
to  torn  the  continnoos  ioe  idatean;  but  thogr  nevertheless  maintain  an  appieciabie  in- 
fluence on  the  "M'^i'TT^"-  Glacier  even  to  its  outer  margin.  Because  of  this 
the  ice  plateau  really  consists  of  more  or  less  pronounced  lobes  with  boundaries  sometimes 
marked  by  medial  moraines,  and  with  a  moderately  lobate  front.  Tyndall  and  Guyot 
Ghu'iers,  deflected  liy  the  Chaix  Hills,  a  south-extending  spur  of  Mt.  St,  Elias,  appear  to 
unite  to  form  a  pronounced  lobe  on  tlie  western  margin,  where  the  ice  formerly  crowded 
out  into  the  sea  and  was  terminated  hgr  a  magnificent  difl  from  which  icebergs  were 
dischaiged  into  the  open  Pscifie.  Rom  afl  the  photographs  and  descriptions  which  we 
have  been  able  to  obtain  from  publications  of  explorers  and  from  conversation  with 
prospectors  this  western,  or  (luyot,  lobe  of  the  Malaspina  differs  fron)  the  eastern 
portion  of  the  glacier  in  maintaiaing  a  generally  crevassed  condition  fnim  the  mountain 
base  to  the  sea.  It  is  said  to  present  an  insurmountable  barrier  to  travel,  and  it  is  the 
common  belief  of  prospectors  in  this  region,  that  the  Malaspina  Glacier  is  absolutely  in- 
neesMiUe  from  the  west.  It  is  certain  that  no  one  has  yet  crossed  it  The  Tyndall 
Glacier  was  easily  traveraed  by  the  Scfawatka  and  Topham  parties  in  1888  and  1888  but 
no  attempt  was  made  to  cross  the  Guyot. 

The  Agassiz  lobe,  next  east  of  the  Guyot,  fed  by  Libbey  and  Agassiz  Glaciers,  is  a  well 
defined  lobe,  bordered  by  moraines  on  both  the  eusterti  and  western  margins,  anrl  faced 
by  a  broad  tract  of  stagnant  and  semi-stagnant  ice  bearing  an  extensive  waste  ol  abla- 
tkyp moraine,  and  an  its  outer  edge  supporting  a  f  orert  of  sproce  and  cottonwood.  Ammd 
tiia  per^tey  of  this  kbe  there  is  the  greatest  devefefmient  cf  ablation  moraine,  and 
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apparently  the  broadest  area  of  stagnation.  Here  too,  we  find  the  ice  front  farthest 
from  the  sea,  and  with  the  broadest  fringe  of  outwash  gravels;  and  it  is  from  the  weatenk 
nuufgin  of  the  lobe  at  Hs  jimctioii  ivitfa  the  Guyot  lobe,  that  the  Yahtse  Biver  emerges, 
one  of  the  largest  glacial  streams  that  poor  out  faom  the  Malaspma  front. 

Adjoinillg  the  Agassiz  lobe  on  the  east  is  the  Seward  lobe,  which,  so  far  as  our  present 
knowledf^e  permits  us  to  judge,  is  the  largest  of  the  Malaspina  lohrs.  Certainly  no  other 
exceeds  it  in  size  excepting  possibly  the  Guyot,  about  whose  extent  and  cliaractcristics 
little  is  known.  On  the  western  side  and  front  it  is  fringed  completely  by  a  border  of 
aUation  moraine,  but  on  the  easton  ode  it  b  not  definitely  separated  horn  tiie  Marvine 
lobe.  It  is  in  the  Seward  kbe  tiiat  the  Mahupina  Gbdor  ertends  farthest  from  the 
mountains,  readiing  the  ocean  at  Sitkagi  Bluffs,  but  not  discharging  icebergs.  At  this 
point  there  is  a  low,  moraine-covered  dtff  against  whose  base  the  waves  of  the  Pacific 
Ocean  break  (PI.  IX,  A). 

The  easternmost  lobe  of  the  Malaspina  Glacier  is  that  dominated  by  the  Mar^^nc  Gla- 
cier. It  is  fur  less  pronounced  than  the  others,  and>  as  already  stated,  the  boundary  be- 
tween it  and  the  Sewsrdlobe  is  not  mailrad  by  any  line  of  moiaine.  Since  Seward  Gkfiier 
is  mndi  burger  than  Marvine  it  mi^t  be  infened  tiiat  the  Seward  lobe  wovdd  crowd 
eastward  to  the  shores  of  Yakutat  Bay,  and  possibly  it  does  so  under  normal  conditions; 
but  in  1906,  when  Marvine  Glacier  was  advancing,  the  ice  broken  by  the  advance  ex- 
tended along  the  entire  shore  of  Yakutat  Bay  almost  to  Point  Manby.  It  is  quite  prob- 
able, however,  that  the  western  portion  of  the  broken  ice  was  really  a  part  of  the  Seward 
lobe  temporarily  affected  by  the  forward  thrust  of  the  Marvine  ice.  On  its  eastern  side 
tike  Marvine  ldl>e  qneads  out  neaily  to  Yakutat  Bay  and  to  the  Kwik  River.  It  ii 
enabled  to  i^wead  out  in  that  direction  becanse  of  the  absence  of  any  obetade;  but  toward 
the  west  it  competes  with  the  Seward  lobe  for  an  opportunity  to  spread  out  as  a  piedmont 
bulb.  Really,  therefore,  the  Seward  and  Marvine  Glaciers  combine  to  form  one  broad 
lobe,  each  glacier  dominating  one  side  of  the  lobe  and  at  the  contact  so  merging  into  one 
another  that  the  line  of  di\Tsion  is  not  recognizable.  The  Marvine  or  eastern  portion 
of  this  lobe  is  fringed  by  a  narrower  border  of  ablation  moraine  than  common,  and  its 
front  is  separated  from  Yakutat  Bay  by  only  a  narrow  fringe  of  outwash  gravd.  The 
extreme  eastern  mar^  of  the  lobe*  iddch  forms  the  westem  border  6t  the  Kwik  River 
va]lc7»  was,  up  to  1906,  in  sudi  a  stagnant  condition  that  it  was  covered  by  a  thick  abler 
tion  moraine  in  which  grew  a  spruce,  cottonwood,  and  alder  forest.  This  stagnant  part 
represented  that  portion  of  the  lobe  that  sj)rcad  farthest  east  and  was,  therefore,  least 
under  the  influence  of  the  supply  of  ice  which  the  Marvine  Glacier  contributes  to  make  the 
lobe.  Hie  entire  eastern  margin,  nearly  to  the  mountain  base,  is  covered  with  aUar 
tion  mwaine. 

The  Hayden  Glacier,  unlike  the  other  tributaries,  forms  no  great  lobe,  in  this  respect 
resembling  many  smaller  glaciers  that  unite  with  the  Malaspina.  It  joins  the  ice  plateau, 
athwart  the  current  of  the  Marvnne,  and  almost  at  ritrht  angles  to  it.  At  Blossom  Island 
the  Hayden  Glacier  coalesces  with  the  Marvine  lul)e  of  the  Malaspina  and  prior  to  1906 
the  drainage  of  the  Blossom  Island  region  escaped  through  a  subglacial  tunnel  at  this 
point;  but  the  advance  of  Marvine  Glacier  in  1006  dosed  this  tunnd  and  the  drainage 
found  a  new  outlet  farther  up  the  mar^  of  the  Hayden  Glacier. 

In  1005  it  was  not  possible  to  say  nhere  the  Marvine  ice  and  Hayden  Glacier  joined, 
both  being  stagnant.  In  1900  the  contact  between  the  Hayden  and  Malaspina  Glacier 
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"Was  dourly  indicated,  from  Blossom  Island  southeastward,  by  the  crevasaed  ice  of  the 
Marviae  lobe*  and  it  wia  endent  that  the  Hayden  (Hacwr  contributed  fittle  to  the  ice 
wapffy  of  the  ICalaqiina.  On  emerging  from  ita  mountain  valley  the  Hayden  Glader 

spreads  out* and  in  1906  its crescen tic  outer  hoiindary  was  shown  v.\th  almost  diagram- 
mat  ic  cleamrss  })y  the  chanf»e  in  condition  bclwem  the  smooth  surface  of  the  ice  con- 
tributed by  the  Hayden  and  the  broken,  crevassed  ice  of  the  Marvine  lobe,  besides 
pushing  out  into  the  Maiaspiua,  the  current  of  the  Hayden  ice  is  deflected  southeast- 
mida  along  the  weatem  baae  of  ^Flocal  Hills,  giving  rise  to  n  naitoir,  wedge-dbaped 
«ratiHiidi  in  IIHNI  waa  nncferaaaed.  in  atriking  oontraat  to  the  iee  of  the  Malaapinn  to 
the  west  and  south  of  it.  The  Kwik  River  emerges  from  its  sub^adal  tunnel  nt  the 
point  of  contact  between  the  Hayden  wedge  and  the  Mar^'ine  lobe. 

We  have  no  definite  knowledgeof  the  rate  of  motion  of  any  part  of  the  Malaspina  (ilacier 
but  from  Russell's  description,  and  fmin  our  briefer  study  of  it  we  are  confident  that 
there  is  great  difference  in  rate  of  motion  in  different  parts.  In  the  crevassed  Guyot  lobe 
Ihcfo  miuat  be  n^id  moivenient  down  to  the  aea;  and  that  then 
^eafc  valley  glacien  emetge  from  their  mountain  valleys  ia  indicated  by  the  crevaadng 
there,  as  diown  by  ttn  Abruzzi  photogn^s  of  the  debouchure  oS  Sewaid  Glacier,  by 
the  enormous  ice  plateati  which  they  supply  and  maintain,  and  by  areas  of  erevassing 
in  the  valley  portions  of  the  tributarj'  glaciers.  From  these  extremes  there  is  every  gra- 
dation in  rate  of  motion  to  complete  stagnation  in  interlobate  areas  and  in  those  por- 
lioBa  of  lobea  nhera  llie  ioehaa  apnad  oirt  lardMat;  but  throughout  the  greater  part  of 
the  ioe  plateau  there  must  be  aome  motion  in  order  to  keep  up  the  aupply.  That  this 
motioii  is  not  ra{)id,  liowever,  is  indicated  by  the  general  absence  of  extensive  erevassing. 
In  general  the  surface  of  the  Mala.spina  Glacier  during  the  period  of  observation,  up  to 
1006,  was  smooth  and  slightly  broken.  There  were  of  course  some  cracks,  and  some 
areas  of  erevassing,  there  were  luoulins,  and  there  was  roughness  due  to  differential  abla- 
tion; but  that  there  was  a  condition  of  general  smoothness,  as  glaciers  go,  is  indicated 
Iqr  thoiucccMafuluaeof  the  Malanmia  Glacier  aa  a  h^^way  of  travd  and  twnn»oit>tiott 
of  nppBm,  partly  by  dedgm,  by  all  the  mountain-dimhing  eapedftaona,  over  aevoal 
iwitcai 

In  winter  the  entire  surface  of  the  glacier  is  buried  beneath  a  thick  blanket  of  snow, 
and  from  much  of  its  surface  this  is  melted  off  by  the  first  of  August,  but  patches  remain 
in  protected  places  throughout  the  summer.  The  snow  line  on  the  Hayden  Glacier, 
•eeoiding  to  BimmU*  lies  at  an  elevation  of  t500  feet,  which  brings  it  weU  up  in  flia  moon^ 
tain  valley  tributaries  of  the  f^acier.  This  agreea  with  our  bboervations<rf  1005  when  the 
anow  line  was  above  Floral  Pass  late  in  August,  and  in  1900*  ^en  we  found  the  snow  line 
jurt  below  Floral  Pass,  in  July.  In  1905  its  elevation  was  above  1500  feet  at  least,  but 
in  1906,  owing  to  an  accident  to  our  barometers,  we  were  unable  to  determine  its  elevation. 
While  some  of  the  higher  parts  of  the  Malaspina  Glacier  may  rise  above  snow  line,  es- 
pecially near  the  mountains,  most  of  its  ice  surface  is  exposed  to  melting  during  a  part 
of  the  smumer.  In  the  lower,  outer  pmtionfl^  the  summer  ablation  continues  throuf^ 
aefveral  months,  but  on  the  higgler  portions,  near  the  mountains,  the  period  of  ablation 
is  very  brief.  Observations  on  Hayden  Glacier  between  Floral  Hills  and  Blossom  Island, 
in  late  July.  1006,  .showed  a  rate  of  ablation  of  about  4  inches  a  day  and  at  this  point  the 
water  on  the  ice  froze  as  .soon  as  the  sun  .sank  low  in  the  western  heavens.  The  rale  and 
extent  of  ablation  on  this  glacier  is  so  great  that  unless  it  were  in  motion  throughout 
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most  of  its  area  it  could  not  maintain  its  size  and  form.  Back  of  the  fringe  of  ablation 
moraine,  which  checks  ablation,  there  would,  of  ne<'c.ssity,  be  a  depressed  area  due  to 
wasting  away  of  the  clear  ice  unless  new  supplies  were  being  constantly  added. 

The  surface  of  the  Maiaspina  Glacier,  is,  in  general,  a  vast  expanse  of  dean  ice 
(PL  EL  B);  but  the  nMmotooy  of  fhe  waste  of  ice  is  iclieved  by  aiees  of  moniiM^ 
especially  promineat  in  two  posttions,  as  ablation  monine  axoaad  tiie  paifhtxy 
CPL  A)  and  as  medial  moraines  between  lobes.  The  latter  areas  leptewmt  laterat 
motaines  of  the  glaciers  forming  the  lobes,  brought  in  relief  by  ablation.  The  former, 
consisting  mainly  of  material  incorporated  in  the  ice  in  the  mountain  valleys  and  the 
glacier  reservoirs,  is  concentrated  at  the  surface  in  broad  tracts,  and  in  places  to  con- 
ddecaUe  depth,  by  the  ablation  ol  the  ioe  tiuoo^  lAich  the  dAnis  was  scatteied. 
FossiUy  some  of  this  pocqpheial  monine  is  siqyplied  by  updsing  bottom  layen,  but  of 
this  we  have  no  evidence.  A  third  dass  of  moraine,  more  difficult  to  undentand.  i» 
lonp,  sinuous  lines  of  scroll-like  moraine,  forming  a  black  tracing  in  the  expanse  of  i 
clear  white  ice.  Russell  suggested  us  explanation  of  such  moraines  some  unknown 
variations  in  ice  currents  and  this  is  possibly  a  correct  interpretation  though  it  ia 
difficult  to  conceive  the  process.  Another  hypothesis  suggests  itself  to  us,  namely, 
that  these  sinuons  moraines  may,  in  part  at  least,  r^resent  avalaiMhe  falls  upon  the 
iqiper  gladers,  spread  out  inUnesby  tiie  cmients  of  the  ice.  We  have  seen  them  on|y 
from  a  distance^  but  thcy  ave  moot  strikiog  phenomena,  ressmhKng  the  lines  of  foam 
that  develop  in  a  swirling  river  current. 

Tlie  periphery  of  the  Maiaspina  Glacier  is  for  the  most  part  skirted  by  a  fringe  of  al-  \ 
hivial  fan  deposits,  crossed  by  a  multitude  of  streimis  of  which  the  largest,  all  raging  tor- 
rents, aie  the  Kwik,  Kame,  Osar,  Manby,  Yahna,  Fountain,  and  Yahtae  (Fl.  VHI).  AO, 
burdened  with  vast  quantities  of  day,  sand,  and  gravel,  are  dqxMiting  rapidly  in  the  see 
and  thus  extending  the  area  of  the  fringe,  and,  by  deposit  in  their  beds,  being  forced  to 
divide  and  subdi^^de,  and  constantly  shift  their  courses,  are  raising  the  surface  of  the 
alluvial  fringe.  ^Tiere  the  streams  cross  tlie  narrow  strij)  of  out  wash  gravel  plain  the 
rapid  deposit  by  the  ever-shifting  branches  prevents  the  growtli  of  vegetation  and,  there- 
fore, gives  rise  to  barren  allnvial  fans;  but  in  those  portions  where  only  small  streams 
flow  there  is  a  growth  of  v^etation,  in  places  qwnoe  and  hemlodc  forest,  elaewh^ 
wood,  or  only  alder  and  willow.  -Because  of  the  fact  that  the  plain  lies  near  sea  level* 
while  the  ice  immediately  bade  of  it  is  so  covered  by  moraine  that  it  has  little  efifect  cm 
the  climate,  the  forest  here  grows  as  luxuriantly  as  elsewhere  on  this  part  of  the  Alaskan 
coast  wlierever  the  absence  of  glacial  streams  gives  sufTicient  freedom  from  destructive 
inundation.    This  forest  grows  not  only  in  front  of  the  glacier,  but,  wherever  there  is  a  i 

nnningactianof  *  dumping  soil,  it  encroedies  on  the  Racier  itsdf  ^  X  B).  This  is 

not  a  general  condition  around  the  whole  margin  of  the  Maiaspina  but  is  confined  to  two 
limited  regions  of  exceptional  stagnation,— along  and  near  tiie  Kwik  Biver,  and  in 
the  neighborhood  of  the  Yahtse  River.  j 
Maiaspina  Glacier  is  interesting  in  itself  as  a  perfect  type  of  a  kind  of  glacier  not  re<x>g-  ' 
nized  until  Russell  described  its  characteristiGS.    It  has  an  even  wider  interest  from  the  | 
fact  that  H  is  an  casting  eumple  of  a  type  whidi  in  fomer  times  must  have  been  Ikr  | 
more  extensive.   During  the  period  of  fonncr  expansion  of  Alaskan  glaciers  it  was  dui^- 
oated  in  many  places  along  the  Ahskan  coast.  The  piedmont  type  of  gfawaer  was  nepre- 
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•Mtedm  fanner  tunw  in  inany  parte  ol  the  Boc^ 

United  States  end  Cenede  wben  glecien  Honed  down  theee noatein  ytSkft  totiie 

base.  The  type  may  very  well  have  appeared  in  Norway  and  Great  Biitein  es  the  ioe 
sheets  of  the  Glacial  Period  advanced  from  the  highlands,  and  again  as  the  waning  ice 
sheets  shrank  back  toward  the  highland  areas.  In  the  Alps,  too,  conditions  favoring 
the  development  of  piedmont  glaciers  appeared.  Indeed,  wherever  mountain  glaciers 
paaaed  beyond  their  mountain  valleys  out  upon  levd  land,  expanded  piedmont  bulbs 
must  haiTefoinMi  ae  in  tlw  valkgri  of  tlie  Italian  lakes  south  of  the  Alps;  and  nlme 
two  or  more  such  bulbs  coaleseed  piedmont  glaciers  resulted,  as  upon  the  plateau  north 
of  the  Alps.  For  the  interpretation  of  the  evidence  of  sudi  former  piedmont  glaciers 
the  study  of  the  conditions  on  and  around  the  M alaspina  Glacier  throw  much  light.  The 
resemblance  of  those  piedmont  glaciers  which  have  vanished  to  those  whirh  still  exist 
in  Alaska  in  the  main  features,  both  of  form  and  deposits,  must  have  been  great,  for  iu 
botli  cases  the  conations  of  supply  are  snnilar»  and  in  both  eases  ^  eondiliotts  of 
wastage  in  a  cool  temperate  eKmate  are  alike. 

Earfy  ObtmaUont  on  the  Malaspina.  Hie  early  eqiloren  of  the  eighteenth  oentuy 
seem  to  have  recognized  the  glacial  character  of  this  great  ice  mass,  for  Vancouver,  in 
describing  Icy  Bay  in  1794,^  says  he  saw  a  "high  abrupt  cliffy  point  forming  the  west 
point  of  a  bay,  bounded  by  a  solid  body  of  ice  or  frozen  snow."  Tebenkof's  Ic>'  Bay 
chart  of  1848  (Fig.  1),  based  upon  the  log  books  of  several  Russian  explorers  sent  out 
in  1788  and  i^om  1788  to  1887,  shows  eight  miles  of  glader  fronting  on  Jcy  Bay  bdiind 
whidi  is  a  smfiee  supporting  trees.*  Bckhcr  in  1887*  says  that  "the  whole  of  this  bay 
and  the  valley  above  it  was  now  found  to  be  composed  of  (apparently)  snow  ioe  about 
thirty  feet  in  height  at  the  water  cliff.  .  .  .  The  small  bergs  or  reft  masses  of  ice, 
forming  the  clifiFy  outlines  of  the  bay,  were  veined  and  variegated  by  mud  streaks  like 
marble,  and  where  they  have  been  exposed  to  the  sea  were  excavated  into  arches,  etc., 
similar  to  our  chalk  formations.  ...  In  Icy  Bay  the  apparently  descending  ice 
from  the  DKNmtains  to  the  base  was  in  irregular  broken  masses.'*  Vanoouver  also  said, 
''As  the  vessd  advanced  alcmg  the  coast  from  Point  Baov  the  coiuitiy  became  less  woody* 
and  beyond  the  low,  projecting  point  it  seemed  osfy  to  prodaoe  a  brownish  vegetation, 
which  further  to  the  eastward  entirely  disappeared,  and  presented  a  naked,  barren 
country,  composed  apparently  of  loose  imconnected  stones  of  different  magnitudes." 
Tebenkof  described  the  low  country  between  Mt.  St.  Elias  and  the  sea  as  a  forest-covered 
tandra  where  "through  cracks  in  the  gravelly  soil,  ioe  could  be  seen  bcneaUi.*' 

PotgibbOrtatAdvaneBoftkeMaUupma,  These  statements,  some  of  which  have  been 
quoted  previously  by  Russell  *  and  by  Davidson,'  assign  to  the  Malaspina  Glacier  sudi 
different  conditions  from  those  observed  since  1890  that  one  is  led  to  question  whether 
the  difference  can  be  entirely  due  to  failure  of  observation.  A  possible  explanation  of 
the  difference  may  be  that  before  1704  Malaspina  Glacier  had  undergone  a  long  period 
of  stagnation  and  recession  resulting  in  the  ablation-moraine  surface  of  "naked  barren 

*  Vmnooover,  CapL  G«oig^  Voyage  of  Diacoveiy,  Vol.  V,  1801,  pp.  849,  851. 

•MNBkof,  Capt  lOM.  Hydroeraphie  Aliu  moA  OfaaemitiaBa.  wfUi  48  cfavta.  St.  Fttenbug^  1848 

•  Belcher,  Capt  Sir  Edward.  Narrative  of  a  Voyage  Round  the  Worid,  London,  1848k  Vfll.  h  PP»  79-60. 
«  BuaseU.  I.      Nat.  Geog.  Mag.,  Vol.  HI.  1891.  pp.  06-70. 

>  DiBvidmi,  GMtge,  Tlie  Gladen  of  Alaska  that  are  Shtmn  on  BMrian  Charts  or  MntioBed  in  Old«  Nam^ 
tbw.  Tarn,  sad  Fhw.  Goog.  8oe.  FusLe,  Vol.  m.  1904,  pp.  4S-47,  and  Map  VL 
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country"  with  "loose  unconnected  stones  '  and  ice  beneath  cracks  in  the  gravelly  soil 
oIneBrred  by  Vancouver  and  the  Rusdansy  with  trees  growing  in  it  where  the  crevassed 
Guyot  Glacier  is  now  uneDcumbeted,  with  the  diore-line  east  of  the  Tahtse  River  shown 
on  the  1788-1807  chart  markedly  diCFeient  from  that  of  Russell  in  1801,  and  with  the 
6fiep  re-entrant  of  the  Icy  Bay  of  Vancouver,  Belcher,  and  Tebenkof.  Subsequently 
there  may  have  been  an  advance  of  Malaspina  Glacier  front,  notably  altering  the  condi- 
tions. This  advance  would  probably  be  shortly  after  1837,  as  the  surface  was  not  ap- 
parently much  crevassed  when  seen  by  Dull  and  Baker  in  IbSO,  by  Schwatka  in  1886,  i 
and  Tofiham  in  1888,  and  tvees  had  grown  to  good  die  before  Ryssdl's  visit  ul  1881.  | 
RnneD  neither  mentions  nor  shows  photographs  of  any  trees  on  the  west  or  central  part 


cl  Mabufpfaia  C&tder  old  enough  to  diqmrre  tl^  inteii»etation.  Davidson  suggests 
that  Bfalaspina  Glacier  has  crowded  its  way  seaward  oblitemting  the  old  Icy  Bay.* 

The  most  qiedfic  evidence  in  connection  with  this  intaprelation,  with  which  we  agre^ 
and  not  discussed  by  Davidson,  is  found  in  a  map,  and  a  native  legend.  Among  the 
maps  showing  Icy  Ray,  we  refer  in  that  from  Tebenkofs  Atlas  (repxodttoed  here  as  Fig. 
1).    Tlie  native  legend  is  one  (juoted  in  Topham. 

The  map  shows  a  very  definite  Icy  Bay  five  miles  wide  at  the  mouth,  extending  norUl- 
ward  six  to  eight  miles  and  apparently  about  on  llie  site  of  the  present  Yahtse  Biv«r. 
^nthin  it  are  soundings  of  f ,  1£  and  Itf  fathoms  idieie  only  a  delta  existed  at  the  time 
of  Schwatka's,  Topham's,  and  BiissdI's  viiits  in  1886»  1888,  and  1891,  as  their  maps 
show.  Tebenkofs  chart  also  shows  a  pronounced  cape  just  east  of  Icy  Bay,  Shoal  Point 
(the  JPt.  Raou  of  Vancouver),  behind  which  is  a  good  siaed  lake  or  lagoon.  Shoal  B«y» 


Digitized  by  Google 


KAIASnNA  GIACIEB 


47 


which  no  longer  exists.  The  ahore-line  eastward  to  Yakutat  Bay  is  also  very  differaat 
from  the  present  coast. 

BotteD  iwplaiiMwl  llie  itmiiee  of  Icy  Bay  by  supposing  that  it  had  ben  filled  bjthe 
flhcitl  stteeau  and  that  Ha  iHe  is  the  pcemt  ddte  of  the  Yahtae  Birer.*  That  thii 

interpretation  is  erroneous,  and  that  Icy  Bay  was  destroyed  bj  (facial  advance  is  ind^ 
cated  by  the  testimony  of  Yakutat  natives.  H.  W.  Topham  was  told  in  1888  by  George, 
second  chief  of  the  Yakutats,  of  this  ach'anre.  He  si»ys:*  "There  is  a  tradition  amonj^st 
his  perjple,  that  formerly  there  was  a  large  bay  running  up  from  Uie  sea  to  the  very  foot 
of  St  Ellas;  that  there  was  a  village  at  the  head  of  that  bay;  that  all  around  the  village 
mm  fwanqqr  or  muddy  (Yahts6)  ground;  that  the  aioiiiitehi  wae,  thenfoMb  ceUed 
YihN<  tth  dhehi  lak  meaniiig  haibor,  and  tkah  meaning  peak;  that  a  river  flowed  into 
the  bay  from  the  northwest,  where  were  large  glaciers;  that  the  east  of  the  bay  was  all 
ice,  but  the  west,  santl  and  trees;  that  at  the  mouth  of  the  bay  dwelt  some  Indians, 
and  that  one  day  an  Indian  came  rushing  home  crying  'Quick,  quick,  the  ice  is  coming,* 
pointing  to  the  river  down  which  tlie  ice  was  seen  to  be  rapidly  advancing.  The  Indians 
escaped  along  the  shore.  The  ice  came  on  right  across  the  bay»  till  it  struck  the  opposite 
tkoM,  when  it  tamed  and  oomtimied  down  the  bay  to  the  sea,  twallowixig  the  TiDage  in 
its  course." 

The  description  of  the  bay  at  the  very  foot  el  Mt.  St.  Elias,  with  the  river  coming  in 
on  the  northwest,  agrees  with  the  Tebenkof  map,  excejjt  that  the  west  side  had  the  glacier 
and  the  east  side  sand,  swamp,  and  trees  according  to  the  map,  but  Mr.  Topham  may  very 
well  have  misunderstood  the  natives  about  this,  or  the  native  story  may  have  been  in 
cner.  Native  testimony  and  native  l^ends  are  not  very  trustworthy  bases  for  scientific 
coBdnsfana;  bat  in  this  cess  there  is  some  reason  lor  beUeving  in  the  general  aoounwgr 
ef^  sloijv  for  it  is  in  harmony  with  the  map  whidi  we  have  reproduoed.  While,  there- 
kn,  we  oeasiot  consider  it  demonstrated,  we  believe  it  possible  and  even  probable  that 
early  in  the  nineteenth  century  the  front  of  Malaspina  Glacier  has  been  very  decidedly 
modified  by  pronounced  advance.  There  is  nothing  in  the  present  condition  of  vegetation 
m  the  region  that  disproves  such  an  advance  within  the  period  between  1837  when  Bel- 
eher**  reached  mto  Icy  Bay  'W'tadrnd  in  ten  fathrans^mud,"*  and 1886 when  Sdiwatka» 
libbey,  and  Seton  Xarr  Itrand  BO  Icy  Bay,  bnt  a  llahMpfa^ 

the  south  end  of  Chauc  Hills  and  the  ooean.^  Indeed,  Seward  lobe  may  have  possibly 
felt  the  impulse  of  advance  before  the  Agassiz  and  Guyot  lobes  and  have  advanced  before 
Belcher's  visit,  for  he  mentions  that  the  small  islet  undor  I't.  Riou  shown  by  Vancouver 
was  no  longer  there.'  The  diameter  of  the  trees  on  the  ice  near  Pt.  Manby,  as  described 
hy  Russell,  suggest  that  the  advance  on  this  side  was  perhaps  before  1837.  The  advance 
mu  pretty  surely  bcloce  1874^  lAen  DaU  made  his  filrt  vint  to  Malaspina  Glac^ 
to  below,  but  as  he  did  not  visit  the  part  of  the  ioe  front  near  Bay  this  cannot  be 
settled  positively. 

The  estahlidimmt  of  a  modem  advance  of  such  magnitude  just  west  of  Yakutat  Bay 
*1SA  Amd  B^oH*  U.  S*  GmL  flaw^,  IM^  pb  It. 

'Topham.H.W,AWtotlMGbfli«flf  AlMbaadML8tElhaAoe.Boy.G««.8ea,ToL  XL  UMk 

fp.  4S2-4SS. 
•Op.       Yd.  1. 184S,  p.  m 

*8eU»iKarr,  H.  W.,  Show  and  A|ps d  Msita,  loaJBa,  ISW,  Slip oo p> 
■Op.  «it,  V«L  I,       p.  1*. 
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would  he  ver\'  important,  for  it  matches  the  latest  great  ad\-ance  in  Yakntet  Bay  nd 
Russell  Fionl,'  which  we  have  tentatively  dated  as  not  much  over  a  century  ago,  but 
from  which  the  ice  has  now  retreated  15  to  25  miles,  as  will  be  described  in  a  later  chapter. 
That  Malaspina  Glacier  has  had  a  recent  great  advance,  though  of  a  date  which  cannot 
be  stated  exactly,  is  proved  by  the  forest  trees  incorporated  in  the  gravels  at  Blossom 
lalaad*  althou^  trees  are  growing  on  its  summit  This  advance  may  have  occmred 
within  a  century,  and  it  mi^  be  indicated  by  the  evidence  above  stated;  bat  we  cannot 
correlate  it  with  oegrtainty. 

Later  Observations  on  the  Malaspina.  Between  May  21  and  26,  1874,  a  Coast  Sur- 
vey party  visited  Yakutat  Bay  and  made  a  determination  of  the  elevation  of  Mt. 
St.  £Iia3.'  At  this  season  the  entire  surface  of  the  Malaspina  Glacier  was  so  covered 
with  ■iowthatititiiied«wi^ifiaiiotd8ieoiwwd;butm  1880»  when  the  nunr 
had disappeaved from  the  lower  porlioiii  of  tha  g|ader»  tha  fact  tiiat  it  wai  akw^yiiig 
ioe  plateau  at  the  mountain  bam  was  discovered  by  Dall  and  Baker  and  the  name  Mal- 
aspina was  given  to  it.*  It  was  then  sta^aiit  and  partly  covered  with  moraines  with 
some  vcpctation  on  the  ice  near  Pt.  Manby.  Li  the  next  decade  several  expeditions 
crossed  a  [)art  of  the  glacier  and  made  observations  upon  it,  though  the  main  object  of 
the  expeditions  was  the  ascent  of  Mt.  St.  Ellas  rather  than  glacier  study.  These  were 
the  New  York  TiBOM  Bq»editiaoi  at  18M,  aa  aieenholwhichparUof  BCalaspinaGlader 
were  hridQy  deaeribed  fay  Uent  E^cedcndc  Sdiwatka,*  by  H.  W.  SetOB  Ktir,*  hj 
Ftof .  William  Libbey,  Jr.,'  and  the  Topham  Esqiedition  of  1888,  after  which  piarts  of  the 
western  Malaspina  Glacier  and  its  tributanes  were  described  by  H.  W.  Topham,'  by 
Georpe  Broke  *  and  by  Wilham  WiUiams.*  These  explorations,  however,  were  not  made 
in  that  part  of  the  Malaspina  Glacier  on  which  the  authors  of  this  book  have  made 
their  recent  observations. 

It  was  not  mitfl  Fhil  L  C.  BaneO  made  hie  fint  eipedltioin  to  Mt  SL  Eliaa,  in 
that  the  remarkable  peeoHarities  of  the  Malaspina  Glader  weie  made  known;^  and  addi- 
taonal  observations  were  made  the  following  year  in  his  second  expedition."  On  these 
two  expeditions  Russell  crossed  all  the  tributaries  of  the  Malaspina  between  Yakutat 
Bay  and  the  base  of  Mount  St.  Elias,  and  ascended  several  of  them;  he  traversed  the 
entire  outer  margin  of  the  Malaspina  from  the  Yahtse  to  Kwik  River;  he  crossed  the 

<  T«rr.  R.  S.  and  Martin.  Lawrenoe.  BuU.  Amer.  Geqg.  Soc..  VoL  XXXVIU.  1906.  pp.  169-lM;  Tur,  B. 
Profesrional  Papa-  04,  U.  S.  G«ol.  8»avtj,  1900.  pp.  1M-U7. 

•  Dall,  W.  II .  .\nD.  Rept.,  U.  S.  Coaat  Survey  for  Wn,  Appmdh  19,  p.  117. 

•  Coast  Pilot.  Alaska,  Pt.  1,  Washinpton.  1HS3.  p 

« Schwatka,  F..  New  York  Times.  Oct.  17, 1880;  The  Expedition  o(  tbe  New  York  Tunes,  Century-  Magaxioew 
Yd.  XLL  mu  pp.  8M-81t. 

>  Shores  and  Alps  of  Alaska,  London*  ppw  4^11*;  Alpins  Radons  «l  AIadb»  Aoe.  Bogr.  Gsof.  Boa* 
VoL  IX,  1887,  pp.  289-«76.   

•  Som  «f  tiM  Gec^i^  iMtnm  of  OoaflieMltni  Muln,  BriL  Amer.  Qcof.  Soe,  VoL  XVm.  ItBO,  pp. 

£7^300. 

'  A  Visit  to  the  GlaciVrs  of  .\Uska  and  Mt.  St.  Eliaa,  Proc.  Roy.  Geoff.  Soe«  VoL  XL  U80i  pp.  4M-4SSi  An 
Expedition  to  Mt.  St  Elias.  Alpine  Joumal,  Vol.  XTV,  1880.  pp.  Si5-871. 

•  mih  Stoek  and  Sack  in  Alaska.  Loodoo.  1891.  pp.  S7-ltL 

•  Cttmbing  Mt.  St.  Elias,  Scribner's  Magazinp.  Yd.  V,  1889.  p.  S87-408. 

••BimmU,  I.  C,  An  Expedition  to  Mount  St.  Elias.  Alaska.  Nat.  Geog.  Mag..  Yol.  lU..  1891.  pp.  63-«03; 
MfUi  Ann.  Rcpl,  U.  a  GmI.  Samgr.  Pt  1*  IMl.  pp. «-«. 

H  RusaelLLC,aaeondBaqp»dHfantDltoint8tBliM^nfctwwfli 
PP.I-OL 
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glacier  from  the  Yalilie  to  the  base  of  Mt.  St.  Elias;  and  he  made  several  excursions  out 
upon  the  ioe  md  to  the  borderiag  mcmnUin  Ale.  Fhwn  thob  oompwiwMiya  itudy  h» 
htm  gnm.  lu  an  aoooimt  of  this  lenuurkmble  ioe  plateau  whSA  ha*  not  anoe  been  im- 
proved upon;  he  made  a  general  map  (PL  XD  which  is  the  baiii  for  all  othcn;  and 
he  showed  clearly  that  the  Ma!asy)ina  represented  a  hitherto  lllinooglliiad  type  of 
glacier  to  which  he  gave  the  name  piedmont  glacier. 

In  1897  two  expeditions  started  from  Yakutat  Bay  with  the  object  of  ascending  Mount 
8t.  £lias.  Both  crossed  the  Malaspina  Glacier  to  the  mountain  base,  using  the  glacier 
hi^way of twwwl aeBmeen  hid  done>  Oneof  theMbledb7H.C.Bi7aiit,WMfot<oed 
to  ■bandon  the  attempt  to  reach  the  summit  of  the  mountain,  and  unfortunately  no 
description  of  the  results  obtained  has  been  published.  The  other,  led  by  Prince  Luigi, 
Duke  of  the  Abruzzi,  succeeded  in  ascending  to  the  stimmit  of  St.  Elias,  and  in  the  report 
of  the  expedition'  there  is  some  description  of  the  gi«vTij^>  phenomena,  and  someexceUent 
photographs  by  Vittorio  Sella  are  published. 

Our  own  oinnritinM  of  Makniini  Gkder  aie principally  upon  the  oMtom  edge  ytrben 
«e  tnvcaed  portkne  of  He  milkoa  and  •ome  of  ita  tii^^ 

ing  more  distant  parts  of  the  ^cier  with  fidd  glasses  in  these  years  and  in  1900^  1010^ 
1911  and  1913  and  seeing  parts  of  the  western  edge  from  the  ocean  in  1904  and  1910. 
For  the  sake  of  completeness,  however,  we  shall  review  the  conditions  in  the  whole 
glacier,  dealing  with  the  western  part  of  Malaspina  briefly,  except  where  we  present  fresh 
facts  and  discuss  new  interpretations  of  conditions  there  and  more  fully  with  the 
eaitci'ii  portSoDeiriiBwpeHOiial  obeeivaiiuMonabteiiatoitriteip^ 

GuTOTy  TnnkAU*  Iabbmt,  amd  Sbwabd  GLAcnBa 

The  weston  tribntaziei  of  the  Malaspina  (shown  in  Fig.  2  and  PL  XI)  have  been  ob- 
wentd  fay  the  anthon  of  thb  book  only  from  a  dfatanee.  No  iieoent  advanoea  of  theie 
^aciet%  ifanibr  to  tiiafc  of  the  eaatem  tributariei  of  the  Malaspina  described  in  ttub 

chapter,  are  known  to  have  taken  place.  As  the  western  glaciers  are  liable  to  future 
advances,  similar  to  that  of  Marvine  Glacier,  it  has  been  deemed  proper  to  descrilie 
their  history'  so  far  as  it  is  known,  es])ecially  as  we  are  able  to  call  attention  to  evi- 
dence of  older  advances,  not  previously  summarized. 

Giiyot  Glacier  leena  to  h«va  been  aever^  cnvaaied  fram  aoimal  moveniAt 
Vmon^umt  recent  thnea  and  there  are  no  known  changes  ande  horn  the  possible  great 
advance  above  refemd  to* 

T\-ndall  Glacier  was  apparently  rather  inactive  in  1886-88,  more  active  and  crevassed 
in  18!)1,  and  perhaps  not  as  active  in  1897.  The  map  published  by  the  New  York  Times 
Expedition '  and  the  Topham  Expedition '  indicate  that  Tyndall  Glacier  was  not  im- 
passably crevassed  in  1886  and  1888,  for  the  routes  of  these  parlies  go  up  near  the  middle 
of  Ihe^kcier.  A  photograph  fron  tin  Chan  HiDs,  taken  by  Buaadl  hi  1881,  Mpcodno^ 
lieieas  PL  XII,  A,  Aowiaodh  aevetdly  crevassed  ice  along  the  route  followed  three  yean 
befoie  by  the  To|diam  party  that  a  reneiwal  of  actmty 

I  FiUppo  de  FIKppi,  Tte  Ase«i«f  HosBt at  IBm I7  H.  B.  H.  Pte UUl  imsdeo  dl  8sv^ 

Abrnxzi,  London.  1900. 

•  Seton  Kwr,  H.  W.,  Shore*  and  Aipa  of  Alaska,  Loodcm,  1887,  map  on  p.  87. 

•  Set        Oeo^i^  Ifilh  Sedk  aad  Stock  in  id■db^  iMdoa,  IMl,  HIV  1^ 
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ponible.  BiyiBt'fl  i»hotograph  of  TyndaJH  Gladwr  htm  an  adjacent  peak  in  Chak 
SUs  in  1807  seemt  to  ifaiow  mndi  leH  cravamig* 
lamor  in  Akdok  m  IfNW  tlutt  a  long  nanoir 


Aa.  1;  TunuatB  ICat  «v  m  Itanm  Iteimr  op  llAuanrA  Gucna  nr  1888. 


western  part  nf  Malaspina  liad  rec  ently  formed,  suggested  that  Tyndall  and  Guyot  Gla- 
ciers had  either  retreated  very  rapidly  by  the  floating  away  of  large  ice  masses  or  had 
advanced  notably  so  that  a  new  bay  was  formed  along  one  aide  of  the  lobe.   This  wat 
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invertjgated  as  far  as  possible  in  1910  and  a  prospector,  Mr.  Joseph  Felagrini  of  Yakutat, 
«ho  hid  leoeotly  been  to  tlie  "mt  adge  of  Ifalaquu 

tliat  a  smaD  cove  does  exist  in  the  ioe  front  new  tlieBoba^  Hills  but  that  it  is  much 
smaller  and  shallower  than  has  been  commonly  reported;  that  it  is  not  on  the  site  of 

the  old  Ice  Bay  but  "west  of  Guyot  Glacier;  and  that  it  was  not  there  on  an  earlier  occa- 
sion M-hen  he  visited  this  coast.   He  thought  it  had  been  formed  by  the  floating  out  of  an 

ice  block. 

Ill  May»  1911,  Mr.  C  6.  QniOiaii*  oommanding  the  VaaM  States  CoMt  and 
Geodetic  Sonrey  rteamer  MeAirimr  went  intiiin  a  mile  of  tiie  nestem  edge  of  the 
Hskapina  Glader.  He  examined  the  new  Icy  Bay  at  its  western  margin.^  It  is  in 
mth.  a  position  as  to  indicate  that  the  Guyot  lobe  of  Malaspina  Glacier  has  receded 
aeveral  miles.  The  latest  Coast  Survey  map '  indicates  that  this  recession  of  Guyot 
Glacier  is  about  9  miles,  but  Captain  Quillian's  estimate  of  the  distance  is  only  2^  to 
S|  miles.  The  discharging  face  of  the  glacier  within  the  bay  was  £00  to  i60  feet  high 
klML  Tlieieeeirfanwhiclifoimod  tide  bay  «B«l7  took  pleoekter  than  Oe^ 
19M,  lAm  the  jimior  author  saw  Icy  Cape  from  a  steamer  dose  inshore^  and  brfon 
U09. 

Agassiz  Glacier  and  its  t^ibuta^J^  the  TJbbey  Glacier,  arc  normally  some\\  liat  crevassed 
m  their  mountiiin  valleys,  Libbey  less  than  Agassiz,  but  their  outer  portions  and  exten- 
sion into  the  piedmont  Malaspina  plateau  were  stagnant  and  more  or  less  covered  with 
sblation  moraine  when  seen  by  Biyant  in  1897  (PL  XU,  B),  and  by  Russell  in  1891. 
la  Tieir  of  thk  inactivity  the  mAnaot  of  the  bolder  of  Agawit  bbe  on  the  edge  d 
Qiaiz  Hills  in  1886  Is  mtiiy  of  notioe.  Sehwatka  sUtea*  that  "at  one  pcnnt  of  the 
ice  foot  the  glacier  had  shoved  down  into  the  timber,  crushing  into  pulp  and  splinters 
huge  trees  five  and  six  feet  in  diameter,  as  a  child  would  sweep  together  his  pile  of  jack- 
straws  with  his  hand."  Seton  Xarr  *  locates  this  point  of  advance  on  February  28  and 
24,  1886,  on  an  "island"  south  of  the  end  of  Chaix  Hills,  one  of  their  camp  sites, 
"This  island  was  bordered  on  nam  mdt  by  the  glador,  which  was  gradually  advancing 
ever  it,  eRuhing  up  the  tall  pmea,  rending  them  into  mstoinpood.  and  heaping  one 
over  the  otiicr— •  aoene  of  gradual  destruction  by  a  resistleie  fiwee.  The  onset  of 
the  glacier  was  overriding  and  burying  the  patch  of  wood."  .  .  .  "Close  by,  over 
the  river  and  looming  through  the  smoke,  hung  frowning  cliffs  of  ice,  the  flank  of  the 
^cier-face  which  was  burying  our  island;  while,  as  if  to  add  an  additional  horror  to 
the  scene,  a  tree  crashed  down  at  that  moment,  overborne  by  the  weight  of  the  ad- 
nnaog  ^bder."  It  is  not  explicitly  staled  by  Schwatlca  and  Seton  Kan  but  it  aeems 
deer  that  this  was  an  advance  of  Agaaui  rather  than  TyndtXi  Glacier  becanae  of  the 
ease  with  whidi  the  latter  was  traversed  by  the  party  during  the  next  few  days. 

Topham,  however,  describes  the  continuation  of  this  advance  specifically  in  connecticm 
with  his  journey  up  the  east  side  of  Chaix  Hills  on  the  border  of  Agassiz  I^ke,  in  1888.* 
This  advance  seems  to  have  continued  for  at  least  two  years,  although  it  must  have 
been  nearly  over  in  1888  when  they  were  able  to  travel  along  the  edge  of  the  ice.  He 

'Posoiu]  communication. 
•Oiut  8002.  M&rcli,  191S. 
■  Ccntiiiy.      XLL  UN,  p.  Sai. 
«0p.  dt,  pp.  91.  96. 

•XopbuD.  W.      Pkoc.  Boy.  Geog.  Soc,  VoL  XI,  1888,  p.  428. 
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says  "the  MalMpiiift  Giacier  hu  dmink  away  from  tiui  liflli,  and  haa  kit  a  mh 
table  along  liidr  oklea.  NevertfadesB,  at  one  place*  at  an  an^  funned  by  a  spar 

of  the  hills,  the  glacier  is  pushing  iq»  against  the  side  of  the  hills  and  is  crushing  dawn 
the  scrub  trees  and  beautiful  flowers.  So  fast  is  it  doing  this,  that  branches  of  alder, 
partially  covered  w  ith  stones  and  quite  alive,  are  peeping  forth  from  under  the  d6bris 
and  protesting  against  the  encroacliinent  of  the  ice.  This  debris  consists  for  the  most 
part,  not  of  stones  brought  along  upon  the  surface  of  the  ice,  but  of  an  old  moraine* 
iriiidi  is  being  ovcnriidnied  and  cnidied.  I  bdieve  that  thia  ice  ia  dkyng  and  awdling 
over  the  older  ice  bdow  lo  that  it  can  have  little  or  no  rftect  npon  the  Malaspina  Gbam 
taken  as  a  whole.  There  are  no  signs  along  the  edge  of  tlie  latter  down  by  the  moutt 
of  the  Yahts6-tah,  tliat  it  is  either  advancing  or  recedinj»  There  are  no  piles  of  stflOCa 
left  behind  to  indicate  its  retreat,  and  no  trees  cnishcd  down  to  show  its  ad%  ances." 

The  upper  parts  of  Agassiz  and  Seward  Glaciers,  apparently  normally  crevassed 
because  of  more  rapid  movement*  have  been  vividly  described  by  Bussell  and  by  AbntnL 
Sewaid  Glacier  (Fl.  XI),  peifaapa  the  laigeat  valkj  ^adar  in  North  America.  ivHh  Iti 
knomn  kngth  of  i5  miles  and  unknown  CKteuion  of  perhaps  iS  miles  mon^  fta 
average  width  of  3  to  6  miles  and  its  soorea  of  great  tiibatarieib  ia  of  eaperial  intarait 
as  it  is  the  largest  tributary  of  the  Malaspina. 

In  1890  Rus.scl!  described  the  Seward  Glacier  within  its  mountain  valley  rather  fully,* 
making  measurements  of  its  rate  of  movement  which  seemed  to  be  about  20  feet  a  day  in 
the  centzal  part  ol  the  ice  atream. 

Seven  years  later  the  Abnun  expedition  traveiaed  parte  of  Seward  GHbuier,  taking 
many  splendid  photographs  which  will  be  of  value  for  detennhung  ftltnre  conditions 
in  Seward  Glacier,  and  noting  especially  •  a  greater  amount  of  crevassmg  than  in  1890. 
The  motion,  however,  was  apparently  slower  in  1897  tlian  the  rate  measured  by  Russell 
for  Filippi  calls  attention  to  the  fact  that  "Mr.  Russell  and  his  fellow-explorer,  Mr. 
Kerr,  both  relate  how  seracs  frequently  crashed  down  with  such  force  as  to  shake  the 
ice  under  their  feet,  and  theiy  add  that  almost  inoeaaant  reports  and  lumblinga  wwa 
produced  by  the  rolling  and  shattering  <if  the  falten  roeka.  Nothing  of  tiie  kind  ma 
observed  by  ourselves  during  the  days  we  spent  on  and  about  the  Seward.  The  ^Uwier 
was  always  i>erfectly  quiet;  only  now  and  then  a  solitary  stone  would  come  down,  or  a 
fragment  of  sdrac  would  drop  into  a  crevasse  with  a  dull  thud."  A  possible  interpreta- 
tion of  the  greater  crevassing  but  slower  movement  in  1897  would  involve  a  period  of 
more  rapid  movement  just  beginning  in  1890  (Russell  unfortunately  did  not  go  back  this 
way  in  1801),  but  wfaidt  had  ceaaed  before  1807,  althoui^  the  glader  waa  atiH  aeTere^y 
crevaaaed  the  latter  year  aa  a  reeult  of  it. 

In  1911  Seward  Glacier  was  easily  crossed  near  Finnade  Pass  by  a  Boondaigr  Survey 
party.    Their  photogra])hs  indicate  that  the  crevassing  was  about  the  same  as  in  1897. 

In  1891  Russell  obser%'ed  near  Point  Manby  e%-idence  of  a  former  advance  of  the  Mala- 
spina border  due  to  earlier  renewal  of  activity  of  either  Seward  or  Marvine  lobe.*  "A 
recent  advance  of  the  glacier  had  cut  acorea  of  apruce  treea  abort  and  piled  them  in 
confused  he^M.  After  thia  advance  the  ice  retreated,  leaving  the  lurfaoe  strewn  with 
an  inqpdar  sheet  of  bouldeia  and  atonea.  .  .  .  The  Racier  during  ita  advaaoa 

I  Nat.  QMff.        YoL  ID^  18M.  m>.  177-180. 

>  The  Aacent  «f  1ft.  St  Bliu.  London.  1900,  p.  11 1. 

■  ISUi  Ana.  Bc|ili,  U.  8.  Geol.  Survey.  18M.  p.  6S. 
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ploughed  up  a  ridge  of  bliM  day  in  fimnt  of  it    .  •  •  thickly  dwised  with  ma  ihaOt 

of  living  species," 

In  neither  1905,  1906,  nor  1909,  did  we  make  any  observations  on  Seward  Glacier  or 
the  Seward  lobe  of  the  Malaspina  Glacier  excepting  to  look  out  upon  it  from  elevated 
pointo  new  the  «Mtem  margin  of  tfwMdmqiiiuL  Bv«ieodkviewe,diitanttiioii|^thiiy 
were,  were  sufficient  to  ihow  that  the  Sewnrd  kbo  had  not  in  any  one  ol  theee  yean 

felt  the  impulse  of  a  forward  thrust  similar  to  that  wfaidi  swept  down  the  Marvine  lobe 
in  1006.  From  Blossom  Island,  in  1906,  an  area  of  crcvassing  was  seen  near  the  point 
where  Seward  Glacier  emerges  from  its  mountain  valley  which  was  thought  to  possibly 
represent  the  beginning  of  an  advance,  for  one  of  the  1900  party,  Mr.  Alexander,  who 
was  on  the  Abruzzi  Expedition  in  1897»  was  sure  that  the  crevassing  was  much  greater 
the  ktter  year  in  parts  of  the  gkcier  ibdged  over  by  Urn  aino  yeui  bcfon.  So  lir  m 
«onld  be  seen  m  1900  no  great  advance  had  takn  place  hot  the  intecraL  The  soxfaoe 
of  the  Sewaid  lobe  appeared  to  be  as  smooth  as  fonnei^«  thou^  near  tiie  mountains 
there  is  a  very  irregular  ice  surface  which  is  probably  normal,  for  photographs  by  the 
Duke  of  Abruzzi's  party  in  1897  also  show  crevassed  ice  in  approximately  this  position. 

It  may  be  pointed  out  that  it  is  quite  possible  for  a  large  glacier,  with  many  tributaries, 
to  have  more  than  one  advance,  with  different  degrees  of  intensity,  as  an  outcome  of 
<<attlKpmW>  Aaldng.  The  advnneeol  one  tiibqtaiy,  or  of  several  combined,  might  cans^ 
sli^t  advance,  and  later  another  greater  advance  ndf^t  lesnlt  from  the  thrust  derived 
Irmou  a  larger  glacier  or  several  tributaries.  There  is  no  proof  that  this  has  been  the 
caae  in  the  Seward  Glacier  and  it  is  merely  stated  as  an  interesting  possibility,  and  in 
order  to  make  it  clear  that  a  slight  thrust  may  have  occurred  in  19U6  and  yet,  after 
an  interval  of  years,  a  still  greater  advance  might  begin. 

BfABvna  GuLcm 

Stagrumi  in  1890,  BnaMll  describes  Marvine  Glacier  within  its  mountain  valley  as 
par^  covered  with  "interminable  fidds  of  angukr  dOris,"'  with  anas  of  "hard  bbe 
Ice^**  some  w^s^  moraineBy  "broad  areas  covered  with  sand  cones  and  fl*fi**f*  tables," 
but  apparait](y  with  no  amonnt  of  crevasnng  such  as  would  interfere  with  r^pid  packing 
over  Hs  surface. 

Tlje  Marvine  lobe  of  Malaspina  Glacier  seems  to  have  also  been  inactive  in  1890 
and  possibly  at  least  as  long  before  as  1874,  as  is  suggested  by  the  observation  of 
the  botanist  Coville.'  In  1899  with  a  small  party  from  the  Harriman  £zpediti<Hi  he 
spent  seven]  days  on  the  eastern  border  of  Malaspina  Glacier  aboat  half  wagr  from 
Disen^antment  Bay  to  Pomt  Manby.  Here  the  ioe  at  the  bonier  of  the  ICarvine 
lobe  was  covered  with  a  thin  layer  of  soil  which  supported  v^tation.  There  were 
no  spruces  growing  on  the  ice  but  the  oldest  alder  bushes  were  perhaps  8  feet  hi|^ 
and  25  years  old. 

Little  Changed  in  1906,  On  August  22nd,  1905,  the  junior  author  dimbed  up  from 
Hajden  Glacier  and  looked  out  upon  the  Marvine  and  Mala<q>ina  GBbcien,  witii  field 
gbaaes*  bom  an  elevation  dim  feet  on  the  PloialHilla.  At  that  time  the  valley  por- 
tion of  Marvine  Glacier  and  a  broad  bdt  along  the  eastern  mai|^  of  the  Marvine 

I  IbL  G«)ff.  Mag..  Vol.  m.  ia»l.  pp.  W^mmi  PL  17. 
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of  Malaspina  Glacier  were  covered  with  ablation  moraine.  This  was  recorded  by  notes 
and  in  a  sketch  map  and  photogfraphs  (PI.  XIII,  A).  Dirty,  somewhat  crevassed  ice 
was  observed  along  the  border  of  the  Hitchcock  Hills  toward  the  point  of  emergence  of 
SeiraidGlMier,  in  MdMiiiiia  Glacier  down  to  be  Kune  Qtntm, 

•ndtlienceeastwaid  ptnJld  to  the  g^Ubcier  margin.  Ootaide  this  monune  bdt  was  dear 
iob  vith  the  morainic  scrolls  previously  allQded  to.  There  was  no  lake  vinble  near 
Blossom  Island.  The  Man  ine  Glacier,  however,  was  apparently  not  crevassed,  in  its 
valley,  and  seems  to  have  been  almost  exactly  as  when  traversed  by  Russell  in  1890. 
The  whole  eastern  Malaspina  Glacier,  although  not  seen  from  nearer  than  this,  seems 
to  have  been  in  the  fall  of  1905  essentially  as  it  had  been  when  crossed  by  the  expeditions 
of  1890, 1801,  and  1897,  esoept  in  the  portioa  near  the  aaatbordOTwlMro 
then  commenced.  Near  the  debouchure  of  Marvine  and  Haydea  Gladefs  the  moraine- 
vcnaered  ice  was  brohen  into  flat-topped  tables  or  seracs,  but  piaoticBlly  none  of  the 
debris  had  as  yet  disappeared  into  the  crevasses.  Its  condition  was  not  unlike  that  of 
lower  Lucia  Glacier  in  1909.  In  view  of  the  remarkable  extension  and  continuation  of 
crevassing  observed  by  the  senior  author  in  1906,  this  beginning  of  crevassing  in  1005 
ia  of  mndk  interest,^  especially  as  this  nwe  of  advanee  wfaidi  produced  the  crevasaing 
iffeiM  to  have  appeared  in  the  pjedmontbiJh  before  it  affected  the  TaHey  leader.  Una 
area  of  crevassing  is  aimilar  to  the  much  smaller  one  aeen  in  Atrevida  Glacier  tibe  same 
jear.  Our  impression  was  that  even  the  crevassed  area  could  have  been  croaaed  in 
August,  1905;  but  in  1906  this  part  of  the  Malaspina  Glacier  was  impassable. 

Advance  of  Martnne  in  1906.  The  expedition  of  1906  had  for  its  object  the  crossing  of 
Malaspina  Glacier  from  east  to  west  and  the  further  study  of  this  piedmont  ice  mass; 
but  hy  a  sudden  and  most  unerpeded  change  in  the  condition  of  the  eastern  or  Manrine 
lobe  this  plan  was  thwarted.  The  nature  of  this  diang^  as  observed  along  the  eastern 
margin  of  the  Malaspina  Glacier  from  Point  Manby  to  Blossom  Island,  has  been  faOj 
described  *  elsewhere,  and  will  only  be  summarized  here. 

Where  Marvine  Glacier  emerges  from  its  mountain  valley  above  Blossom  Island  the 
progress  of  the  expedition  of  1906  was  absolutely  barred  by  a  sea  of  crevasses  and  bristling 
pinnacles  (PI.  XIV),  the  entire  glacier  surface  from  side  to  side,  for  a  width  of  fully  4 
miles,  being  broken  as  only  rapidly-moving  g)bcien  are,  and  resembling  an  ioe  fall  intihe 
intensily  of  the  breaking.  Yet  it  was  at  this  veiy  point  that  Bussell  had  easily  croaaed 
in  1890,  canying  his  entire  outfit  toward  Mount  St.  Ellas.  From  this  point  down  to 
the  sea  the  surface  of  the  Marvine  lobe  was  broken  into  an  impassable  condition,  and  the 
margin  of  tlie  glacier  was  also  continuously  broken  except  where  joined  by  the  Haydea 
Glacier,  by  which  tlie  area  of  crevassing  was  pushed  out  from  the  mountains.  We 
could  not  get  fax  out  upon  the  glacier  at  any  point  along  the  margin,  f(Mr  everywhere  the 
way  was  barred  1^  an  impassable  network  of  crevasses.  This  <wndition  of  breakage 
extended  even  to  the  shores  of  Yakutat  Bay>  and  across  the  routes  followed  by  RuaaeH 
on  his  retreat  in  1891  and  by  the  Bryant  and  Abrusai  ei^edttions  in  1897.   The  area 

>  Thefactof  thisbesinningofcrevMrioffinlMMwasnotaeenbrtheMiuOT  Atrevkli^ 

Lucia,  or  ITayflen  Glarier  in  1905.    It  was  not  known  to  him  when  he  wrote  thr  several  papers  on  the  1900  con- 
ditioiu  in  which  he  has  assumed  that  the  oevasnng  hegm  betweoi  August,  1905  and  June,  1906.   We  did  not 
MS  11m      to0e(ih«r  ia  dito  I90S  er  ISOe  and  «lw  nooided  obMV^^ 
noticed  since  our  1909  expedition. 

•  Tarr.  R.  S..  The  YakuUt  Bay  Region.  Aladca,  Fkoieauooai  Paper  e«,  U.  S.  GeoL  Sunr^^,  pp.  8S-68;  Tacr. 
B.  S..  Butt.  Geol.  Soc.  America.  VoL  18.  1907.  pp.  f7»497. 
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of  crevassed  ice,  some  4  miles  wideitHiere  Marvine  Glacier  emerges,  broadened  toward  the 
sea  (Fig.  S)»  being  about  5  miles  wide  opposite  Blossom  Island,  and  on  the  ahoffes  ol 
TakntrtBayatndingfkomtlMKwikBifwatleMtatf^  Fora 
diatnoe  «l  Of«r  15  miki^  fram  tiw  moantains  to  the  aenvaid  face  cf  the  MdMpina,  the 

iff  11  1  rnnff  ■  wMfh  inrniiwiifl  ffom  ■hmit  I  mXUm  now  thm  moinitriiiii  to  IT  nr 

18  miles  near  the  sea. 

Near  Blossom  Island  the  senior  author  found  this  lobe  of  the  glacier  very  different 
from  its  condition  when  Russell  and  others  walked  and  sledged  over  it.   It  was  im- 


Seai9t 

^  O  S  I9MILM« 


JPte.  S.  £xmi*  cv  GnTASSDW  w  1800  w  liAavm  Loaa  or  HLkUkatrnk.  Gmctm. 

iwwbly  rwmwiinrl  oiitBde  ito  moontifaivalhiy*  Then  iran  niuy  pfamades  and  aittet 

near  the  margin,  and  in  the  middle  were  flat-topx)ed  seracs  surrounded  by  deep  CKVasses 
extending  in  all  directions.  It  was  clearly  evident  that  the  breaking  in  the  expanded 
piedmont  bulb  in  1906  had  been  far  less  intense  than  in  the  mountain  valley.  The 
broken  area  Iiad  not  been  long  exposed  to  ablation,  for  the  flat-topped  seracs  had  been 
•0  YtaeBAj  cncked  that  melting  had  not  had  time  to  round  off  their  comers.  The  fact 
that  not  onfy  the  movMsaviarad,  but  even  the  bate  teno-tops  were  not  notably  affected 
by  melting  proved  that  meet,  if  not  alU  of  the  breaking  had  taken  place  after  the  period 
«f  abUtion  of  1005  had  ceased. 
Sledging  over  this  smfaoe,  whidi  Russeli  and  others  had  crossed  eaaily*  would  have 
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been  impoiiiiiMii  In  1906  and  even  travel  on  foot  could  be  undertaken  only  hy  the  most 

difficult  ice  work. 

We  traversed' the  eastern  margin  of  Miilaspina  Glacier  from  the  p>oint  of  emergence 
of  Marvine  Glacier  to  the  mouth  of  tlie  Kwik  River,  and  along  this  entire  distance,  ex- 
cepting only  where  dominat«i  by  Haydeu  Glacier,  the  ice  was  greatly  broken.  Prior 
to  1906  this  land  maxgin  had  been  covered  with  ablation  moraine  bearing  a  forest  of 
oottomrood  and  alder  and  some  qpmoe  along  tbe  naigin  of  the  lower  Kwk  valley,  and 
thia  maqpn  waa  ao  moderately  sloping  that  it  oonld  eanly  be  aaeeaded  at  any  point; 
in  1906,  however,  the  mai|pn  waa  for  the  most  part  changed  to  a  steep  and  broken  cMff 
down  which  tlie  ablation  moraine  was  constantly  sliding,  while  in  the  forest-covered  area 
trees  and  bushes  were  overturned  and  were  falling  into  crevasses  or  crashing  down  the 
newly  steepened  ice  face  (PL  XV,  A).  The  cliff  was  crevassed,  often,  into  impassable 
condition,  and  the  brAen  foe  blodcs  protiintod  throng  the  aUatSon  moraine,  giving  the 
^ipearanee  cl  a  froaUriven  lodc  cliff,  hetghtcned  by  Ihe  earthy  ftain  th^ 
blocks  bore,  and  by  the  trees  that  still  stood  among  them.  The  ablation  moraine,  whidi 
had  covered  the  ice  for  a  depth  of  from  2  to  15  feet,  and  had  so  protected  it  from 
melting  that  sufficient  stability  was  secured  for  the  growth  of  trees  to  maturity,  was 
now  sliding  into  crevasses  and  down  the  ice  cliff,  often  in  mud  flows.  Abundant  water 
(PL  XVI,  A)  was  now  supplied  by  the  melting  of  the  ice,  newly-exposed  to  the  air  and 
ttina,  and  amall  and  laige  streams,  heavily  diaiged  with  morainie  diSbm  were  issoing 
from  aU  portions  d  the  ioe  margin,  where  hitherto  only  tddding  streams  of  dear  water 
slowly  oozed  from  the  moraine-covered  grader. 

That  the  ice  was  being  broken  and  crowded  forrs'ard  during  July  and  August,  1906 
was  evident  as  we  passed  along  its  biuse;  and  that  the  entire  breakage  was  a  result  of 
changes  during  that  year  was  indicated  by  the  fact  that  among  all  the  trees  found  over- 
turned, not  one  was  seen  tiiat  had  not  folly  developed  foliage  (FL  XV,  B).  Thiswasthe 
last  season  for  maqy  trees,  for  in  August  some  were  dead  and  othen  had  yellow  leaves, 
as  if  dying.  Ihis  evidence  is  in  harmony  with  several  other  facts  which  indicate  that 
this  advance  was  confined  mainly  to  1906.  These  facts  are  as  follows:  (1)  Our  obser- 
vations of  1905,  though  not  ver>'  full,  indicate  that  the  advance  had  barely  begun;  (^) 
other  glaciers  in  tlie  region  underwent  similar  absolute  transformation  in  tlie  brief  period 
ol  nine  months;  (J)  the  slight  amount  of  ablation  on  the  broken  surface  of  the  Marvine 
lobsb  already  mentioned;  (4)  the  dosing  of  the  snfagladal  tnnnd  by  whidi  the  waten  of 
the  Blossom  Island  region  had  formal  escaped,  iriiichoocurred  between  the  autumn  ol 
190ff  and  the  middle  of  July,  1906,  and  which  gave  rise  to  the  formatioii  of  a  tempoMuy 
expansion  of  the  lake  which  lies  in  the  Blossom  Island  depression.* 

Thus  a  long  period  of  stagnation  of  sufficient  duration  to  permit  the  growth  of  a  forest 
with  trees  a  half  centur>'  old,  and  in  other  portions  the  glacier  a  period  of  such  moderate 
motion  as  to  permit  the  development  of  n  mooth  ke  surf  see  over  which  travd  was 
eaqr  in  all  directions,  was  abruptly  ended  hy  such  a  sudden  and  rapid  forward  motion 
that  even  the  most  stagnant  portions  of  the  ice  niaq{ui  were  broken.  Pettier  the  ioe 
was  thidcened  by  the  advance  could  not  be  determined,  for  we  had  no  exact  basis  for 
measurement,  but,  in  view  of  the  fact  tliat  other  glaciers  which  advanced  were  thickened, 
it  is  probable  that  this  one  wius  also.  Tliere  M  as  certainly  some  advance  along  the  mar- 
gin, for  only  by  this  could  the  ice  cliff  he  steepened  aud  broken,  and  ice  blocks  caused  to 

*  Tair.  B.  &,  Ftofemonal  Paper,  U.  S.  Geol.  Sunrcy.  1909.  p.  SS. 
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M  fram  Ha  front;  and,  BUMCOver,  then  woe  pla^ 

iiig  forest;  but  there  was  no  basis  upon  whidi  we  could  deternune  the  amount  of  fonmd 
motion.  It  is  probable,  however,  that  the  amount  of  advance  and  thickening  was  not 
nearly  so  great  here  as  in  other  glaciers,  for  there  was  a  broad  area  of  piedmont  ice  in 
which  the  energy  of  the  forward  thrust  could  be  dissipated,  that  it  is  hardly  to  be 
expected  that  extensive  thickening  and  advance  could  alao  becauaed.  It  is  remarkable 
ttrteo  vast  an  aieaolpiediwmt  ice  ahooki  have  been  affect 

mOes)  and  this  eovU  miy  have  lenilted  from  a  thrust  of  great  vigor  from  the  Ibrvine 
CSacMT  on  its  emergence  from  the  mountain  valley. 

Again  Inactive  in  1909.  In  the  report  on  the  expeditions  of  1905  and  1900,'  it  was 
predicted  that  the  new  cycle  of  advance  of  Mars  ine  lobe  would  probably  end  in  a  treeless 
and  moraine-free  glacier  margin  after  another  season's  melting  hod  destroyed  the  forest 
aod  nmowd  modi  of  Hie  monme.  ^wekiiig  of  the  advancing  gladeca  in  general  it 
was  infemd  lliat  in  eadi  eaie  atagnation  iraald  soon  foUour  tiie  dying  oat  of  the  wave 
of  advance,  after  which  ablation  nwtaine  would  again  cover  the  glacier  maigine.  The 
ktler  prediction  was  fully  borne  out  by  our  studies  of  1909,  but  the  former  was  not. 

By  the  time  we  approached  the  margin  of  the  Malaspina  Glacier  in  1909  we  had  already 
satisfied  ourselves  as  to  the  main  elements  in  the  problems  of  the  advancing  glaciers, 
and  felt  little  need  of  a  comparative  study  of  the  Malaspina  margin,  which  we  had  at 
flat  bought  of  andcrtaldng.  To  have  done  io  meant  iJie  cntiie  abandonment  of  our 
plan  of  vinting  the  Ainoe  William  Sound  lepon*  for  the  dilBcuHiee  of  travel  up  Kwik 
vaOqr  are  so  great  that  several  weeks  would  be  required,  and  the  route  through  Floral 
Pass  was  closed  to  us  by  the  recent  advance  and  resulting  broken  surface  of  Lucia  Glacier. 
We,  therefore,  undertook  nothing  further  than  uu  examination  of  the  Marviiie  lobe 
from  elevated  points  at  a  distance,  from  which,  however,  we  could  clearly  see  its  condition 
even  with  the  naked  egre,  and  satisfied  ourselves  that  it  showed  no  new  features  of 
hnportance  that  were  not  ediibited  by  oUier  advancing  glaciers  of  the  1906  gioiq».  In 
1010  the  ice  jam  in  Yakutat  Bsgr  nkade  it  impossible  to  land  on  the  west  side  of  the  bagr 
and  examination  oi  Marvine  lobe  with  fidd  glasses  added  no  significant  facts  to  those 
observed  the  previous  year.  In  1911  Mai^-ine  Glacier  was  once  more  so  little  crevaased 
that  it  was  easily  crossed  in  its  mountain  valley  by  a  Boundary  Survey  party.  In 
Sq)tember,  1913,  the  Marvine  lobe  of  Malaspina  Glacier  was  examined  from  a  distance 
wife  field  iJssiiiet  by  the  junior  author.  It  seemed  to  be  entirely  stagnant  and  inactive 
the  maigm  being  agsin  covered  with  ablation  moraine. 

All  these  observations  clearly  indicate  that  theadvanceof  1906  was  short-lived,  and  that 
by  July,  1909,  it  ha^l  completely  cea-sed.  Moreover,  ablation  had  so  healed  tlie  broken  sur- 
face and  margin  that  we  were  convinced  that  the  advance  ended  soon  after  Atitrnst,  1906. 
In  the  clear  ice  area  of  the  Marv  ine  lobe  back  of  the  margin,  the  ice  surface  looked  much 
as  it  did  in  1905;  similar  swirls  of  moraine  were  seen  and  the  surface  looked  quite  smooth. 
DonbHess  a  nearer  view  would  have  shown  that  the  surface  was  far  roomier  than  in  1890 
and  1897bvttt  was  certainly  much  less  irr^ular  than  in  1906»  and  it  iq;^>eared  probable 
that  one  could  tsavd  over  the  glacier  suffaoe  with  no  great  di£Sculty. 

TTie  eastern  margin  of  the  Mala.spina  was  a]so  noticrably  healed,  as  compared  with 
the  1906  condition,  though  still  rough,  broken  aiul  slocp.  The  jagge<l  marginal  cliff 
had  disai)peared,  though  steep  ice  cliffs  still  appeared  in  places,  and  while  much  of  the 

i  Tan,  B.     PwImbomI  Faftt  (M,  U.  S.  G«oL  Survqr,  1900,  pp.  87  aiid  M. 
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forest  that  grew  in  the  abhition  moraine  had  gone,  much  alder  and  Cottonwood  still 
remained.  The  destruction  of  neither  the  morame  nor  the  forest  was  complete,  but  the 
margin  presented  a  far  different  appearance  from  that  of  1905.  Then  tlie  forest-bearing 
portion  of  the  glacier  margin  was  a  moderately  sloping  embankment  covered  with  forest 
verdure;  in  1909  there  were  wooded  patches  interspersed  with  areas  of  bairen  moraine, 
and  em  with  ke  cliffi  vinble  from  »  dbtano^  ^  vieiwof  flienqpiditijrwitliwlkichUM 
mpTMnf^  was  bong  roaoved  from  tho  ioe  in  1906  and  the  forest  being  destroyed,  tlie 
fact  that  no  more  destmctlon  had  been  aooompUshed  makes  it  difficult  to  beUeve  tlial 
the  period  of  advance  and  breakage  lasted  even  into  the  summer  of  1907.  With  cessa- 
tion of  motion,  ablation  in  the  low  marginal  areas  would  quickly  Ijrin^'  about  a  sufficient 
degree  of  soil  stabihty  for  v^etation  aheady  growing  to  maintain  itself  with  little  further 
destiuetiaii  by  undennining.  Hmiever,  tiwi  abhition  ww  etOl  fwooeeding  rapidly 
in  thoeeiMwte  of  the  i^aoiflr  not  protected  hy  a  deq[»  ebUtkm  moraine  was  indicated  hj 
the  volume  of  the  Kwik  River,  which  ai^>eared  to  be  even  Ulger  in  1009  than  in  1906. 
That  such  a  speedy  ending  of  the  1905-6  advance,  and  the  consequent  rapid  healing 
of  the  broken  surface  by  ablation  was  not  peculiar  to  the  Marv'ine  lobe  of  the  MaUupina 
Glacier  is  made  clear  in  later  pages  where  other  advancing  glaciers  are  considered. 

HAT»Dr  Glacisb^ 

Thb  glacier  has  already  been  mentioned  as  one  o(  the  tributaries  of  the  Malaq>ina  Gla- 
cier, though  contxibutiiig  litUe  ice  to  it.  Heeding  on  tlw  werteni  dmptB  ci  Mount 
Cook  the  Hayden  Glacier  flows  as  a  breed,  modentdy-eloping  valley  glacier  (FL  XII^ 

B),  with  a  width  of  8  or  4  miles,  and,  on  emergence  from  its  mountain  valley,  expands 
to  almost  double  that  width,  coalescing  with  the  Marvinc  lobe  of  the  Malaspina. 
A  moderate  recession  would  disconnect  it  from  the  Malaspina,  giving  it  independent 
existence,  such  as  Atrevida  and  Lucia  Glaciers,  once  tributary  to  the  Malaq[)ina,  now 
have.  ItissomewluktcievnsiedinphKses,  andbdovlhesnoirUne,  just  westof  Flo^ 
is  bondeied  by  Isteral  moraines,  idiiie  on  the  eipended  portion,  evtside  tl^  mQiiin> 
tain,  ere  several  mediel  moraines  and  morainic  swirls  of  interesting  pattern.  Hie 
amount  of  moraine  on  the  siirface  increases  toward  the  Marvine  lobe,  giving  rise  to 
many  morainic  ridges;  but  nowhere  except  al<nig  the  maigins  is  there  a  continuous 
cover  of  ablation  moraine. 

This  glacier  was  partly  crossed  by  the  junior  author  in  1905  and  observed  and  photo- 
graphed from  the  western  dopes  of  Floral  Hills;  and  it  was  craised  and  leerossed  sev«ral 
times,  end  aloQg  several  routes  by  the  senior  author  in  1906.  Travel  across  its  surf aee 
in  any  diraction  was  not  difficult  and  it  was  evident  tliat  there  had  been  no  noteworthy 
change  in  condition  since  Russell  crossed  it  in  1890.  We  did  not  <,'ct  as  far  west  as  the 
Hayden  Glacier  in  lOOf)  for  the  broken  Lucia  Glacier  st(X)d  in  the  way,  but  we  saw  por- 
tions of  its  surface  with  field  glasses  in  1909  and  1910  und  were  convinced  that  it  had 
not  undergone  any  noteworthy  change  in  the  interval  between  1906  and  1010.  This 
negative  resuh  is  inteiesting  in  view  of  the  fact  that  Marvine  Glacier,  the  next  large  glacier 
toward  the  northwest,  and  Loda  and  Atrevida  (Heciers,  its  large  newborn  toward  the 
southeast,  have  both  fdt  the  impulse  of  the  eerthqualDe  advance.  One  may  anticipate 
that  its  turn  will  soon  come. 

*  Bat  a  HBm  dmrnlfUkm,  see  Tut,  H.  8^  IVplMdoBri  Biyr  H  U.    QmL  fluwy,  1909,  pp. 
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LUCIA  AND  ATBEVmA  GIACIEBS 
Lucia  GitAcm 

€mtmi  JhMnpHtm.  Loeia  Gladflr*  iviiich  »  between  fifteen  and  twenty  miles  long 
and  about  two  iniles  wide,  U  a  yaUqr  i^acier  expanding  in  a  piedmont  bulb  ontdkle  tba 

mountain  front,  and  in  its  lower  portion  covered  with  a  broad  waste  of  ablation  monulne. 
Its  sources  are  unknown,  but  in  the  main,  if  not  entirely,  are  on  the  slopes  of  Mount  Cook. 
That  there  is  no  large  tributary  heading  farther  back  in  the  St.  Eiias  Range  is  Indicated 
Iqt  tiie  morainic  dftria,  wludi  indodee  none  at  the  dyitalline  rock  d  which  theee  nmn 
lemote  monntaina  are  enmpowed.  While  tiie  eanct  fouoei  are  onkno'wn,  it  »  certain 
that  the  glacier  reoeivei  many  tiibiitaries,  and  aome  good-tiaed  ones  from  belli  ndea  are 
visible  from  the  lower  portion  of  the  glacier. 

Opposite  Floral  Pass,  where  the  Lucia  Glacier  is  enclosed  on  both  sides  by  mountain 
▼alley  walls,  the  width  of  the  glacier  is  2  or  3  miles,  but  it  expaiuis  beyond  this  point 
because  the  valley  becomes  wider  and  further  down  because  the  valley  wall  ou  the  east- 
em  aide  tominatea.  The  widA  of  the  eipanded  piedmont  bulb  ia  4  or  5  mika  at  the 
baeadeat  part*  the  leader  being  prevented  from  further  eipanflion  by  the  paeaenee  of 
the  Floral  Hills  on  the  west  and  by  the  competing  piedmont  bulb  of  Atrevida  Glacier 
on  the  east.  The  outer  portion  of  the  Lucia  extends  southward  to  the  Kwik  valley, 
forming  one  wall  of  that  valley,  while  the  MalasjHna  border,  a  mile  or  two  away,  forms 
the  opposite  wall.  The  Lucia  and  Atrevida  piedmont  bulbs  coalesce  and  form  a  small 
piedmont  ^ader,  similar  to  the  great  Malaspina,  but  supplied  with  ice  from  only  two 
tributariea  QSap  9,  in  podBet). 

BatUfor  Study.  This  glackr,  as  wdl  aa  the  Atrevida,  waa  eroaaed  by  Professor  Rus- 
sdl  and  named  by  him  in  1890.^   He  first  used  this  name,  however,  for  Seward  Glacier.' 

It  was  next  visited  by  the  Geological  Survey  expedition  of  1905,  during;  which  its  lower 
portion  was  examined  from  a  neighboring  mountain  and  wa.s  crossed  by  the  junior  author 
and  studied  late  in  August.  In  the  Geological  Survey  expedition  of  1906  access  to  the 
glaeier  from  the  eaat  waa  cut  off  fay  the  advance  and  biealdng  of  the  Atienrida  Glacier, 
but  it  waa  readied  and  croaMid  from  the  weat  by  the  aenior  author.*  The  National 
Geographic  Society's  expedition  of  1909  traveled  to  the  eaatern  margin  of  theLnda 
Glacier,  but  further  exploration  was  checked  by  the  advance  of  the  glacier.  We  were, 
however,  able  to  examine  it  from  Ampitheatre  Knob  and  from  an  elevation  on  Terrace 
Point,  just  above  its  eastern  margin,  from  which  we  could  see  all  parts  of  the  glacier 
ensept  the  upper  portion  far  back  in  the  mountains.    The  description  of  the  1909 

>  Nat.  Geog.  Mtg,  Vol.  in,  1881,  pp.  82,  105-106. 

.  •TiiclflhAaD.]icpt.17.&G«l.8vngr*lWl*Pwm. 

>  For  a  descriptioD  of  this  Racier  in  1905  and  1006,  from  which  portions  of  the  foflowiei  deacription  are  ab> 
itnctcd.  MsTur.  B.  S,  Hw  Yakntot  Bajr  B^ion,  AlaAm  Ftotmuonal  Ftfm  61^  U.S.  G«oL  Somgr,  IMW, 

(ip.  7,^-tiO. 
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condition  is  based  upon  these  oiMervtiyoiia.  The  g^ecier  wis  aeen  oidy  iram  the  eeai 

side  of  Vakutat  Bay  in  1910. 

Description  by  Russell.  Lucia  Clacier  was  inactive  in  1890,  for  Russell  described 
it  during  the  first  part  of  July,  1890,  as  "covered  from  side  with  angular  masses  of  sand- 
stone and  ahde .  .  .  wh&IMksri^tlMTaUey  thedOrisoikthesuifaceof  the  ioe 
disappesied,  and  aU  above  was  a  winter  laiidsen>e.  The  brawn  desolate  dAris  fields 
.  .  extended  lar  soaUiward,  and  covered  the  expanded  ice  foot  in  wfaidi  tibe 
glacier  terminates.  Most  curious  of  all  was  the  fact  that  the  moraines  on  the  lower 
border  of  the  glacier  were  concealed  from  view  by  a  dense  covering  of  vegetation,  and 
in  places  were  covered  with  forests  of  spruce  trees."  He  also  described  the  Tf^wtftlf 
on  the  west  side  of  the  glacier  and  the  outwash  plain  at  its  base. 

CofilMii«i  InofllM^  tit  190S  mi  1906,  Lucia  Glacier  seems  not  to  have  dianged 
significsntiy  between  1800  and  1906;  and  between  1905  and  1908,  there  was  no  notable 
cUfference,  except  a  possible  increase  in  crevassing  up  the  valley  to  which  reference  will  be 
made  later.  In  1905  it  was  imi>ossible  to  clearly  detect  the  boundary  between  Lucia 
and  Atrevida  ice  tongues,  the  two  lobes  of  this  piedmont  glacier;  though  for  a  part  of 
the  distance  a  line  of  alder  growth,  forming  an  oasis  in  a  broad  waste  of  ablation  moraine, 
marked  the  site  of  the  inberlobate  area  of  greatest  stagnation.  Above  this  the  two 
glacien  wen  separated  fagr  the  gravels  of  Tenaoe  Point,  and  near  the  outer  bonier  of 
the  piedmont  glacier  a  stream  emerged  and  formed  a  yaUciy,  apparently  in  fine  with 
the  boundary  between  the  two  lobes;  but  for  some  distance  above  this  valley  the  two 
lobes  so  coalesced  that  the  boundary  between  them  was  indistinguishable.  In  1906, 
however,  the  advance  and  crevassing  of  Atrevida  Glacier,  which  pushed  westward  into 
the  still  stagnant  Lucia  lobe  and  destroyed  the  iuterlobate  strip  of  alder,  brought  out 
sharply  the  area  occupied  by  each  lobe  (Fls.  UVl  and  XXVU).  The  Atrevida  lobe 
was  eveiywhere  bfoken,  with  dear  ice  showing  along  the  boundary  between  the  two 
lobes,  while  the  Luiaa  was  unchanged— a  broad,  undulating  waste  of  ablation  moraine 
which,  from  a  distance,  bore  httle  resemblance  to  a  glacier. 

One  of  the  most  interesting  features  of  the  Lucia  Glacier  was  its  ablation  moraine; 
it  seemed  stagnant  near  its  terminus  and  wasting  in  its  valley  aud  was  the  best  illus- 
tration of  this  type  in  the  Yakutat  Bay  region.  For  over  7  miles,  from  its  terminus 
to  •  point  well  up  the  momtain  valky,  the  gbder  suifsoe  was  obscured  by  ablation 
morsine  (PL  XVU,  A),  and  throoi^iottt  folly  nine4enths  of  the  srea  no  ice  oould  be 
seen  from  a  distance.  The  ablation  moraine  extended  well  up  the  valley  portion  of 
the  glacier,  to  a  point  at  least  a  mile  above  Floral  Pass,  becoming  rapidly  Uiinncr,  with 
more  ice  showing  up  the  valley,  and  iinally  giving  place  to  bands  of  me<lial  and  lateral 
moraine.  Opj)osite  and  below  Terrace  Point  the  moraine  increased  in  proportion  and 
ice  appeared  only  in  small  bands,  or  in  depressions  holding  lakelets,  at  least  a  score 
of  iriiich  dotted  the  morsine-covered  portion  of  the  ^ader.  The  suCsoe  of  this  desert 
waste  of  ablation  moraine  was  nowhere  notably  crevassed,  and  travel  over  the  sorfaoe 
was  possible  in  all  directions,  the  only  difficulty  being  the  extreme  irregularity  of  the 
surface  due  to  dififerential  melting,  and  the  occasional  slipperj'  slopes  where  the  morsano 
veneer  was  thin.  There  were  numerous  mouliiLs  of  large  size,  aud  morainic  debris  was 
being  carried  into  these  by  Uie  drainage.  This  was  the  only  escape  for  the  concentrated 
morainic  debris,  for  there  were  no  crevasses  of  .any  considerable  depth  in  this  slowljr 
moving  glacier. 
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For  two  mikB  Off  niOM  the  outer  mugm  of  tlielA^ 
On  tiMUiner  akfecf  tiiblorart-oovwed  part  of  llie  ablation  moraine  icatteied  individuab 
Md  dusters  of  alder  were  growing  in  the  more  stable  povtioiis  of  the  monine*  but  the 

amount  of  vegetation  rapidly  increased  toward  the  outer  margin  of  tlie  glacier,  and  in  a 
short  distance  the  entire  surface  was  covered  and  hidden  by  alder  thickets.  Farther  out 
individual  cottonwoods  rose  above  the  aider,  and  at  the  extreme  margin  a  forest  d 
eottomwood  and  qmioe  occupied  the  aUalioii  OK^^  The  foieit  corered  more  than  a 
nbcfthftonltfgladcriiMigiaMidiiiitiioiflewMTiribk  TlwcKtnaM 
eotar  auucgin  oonasted  of  a  low,  wooded*  genti^-aloping  embankment  whiob  rose  above 
the  gravels  of  the  Kwik  valley,  and  it  was  exceedingly  difficult  in  places  to  tell  wlftore 
the  glacier  ended.  Without  examining  it  carefully,  one  unfamiliar  with  the  phenomenon 
of  forest-covered  glaciers  would  not  suspect  that  this  wooded  s.iupe  was  a  glacier  end. 
One  noticeable  feature,  however,  was  the  large  number  of  small,  triciding  streams  ol 
ilev»  oold  inte  that  emnged  fnm  tb0  endMudon^ 
f^fttamti  beuiDg  Mtfimeiit* 

In  the  ablation  moraine  were  many  interesting  details,  most  of  whidi  hvn  no  dinet 
bearing  on  the  glacier  as  a  whole  but  are  phenomena  of  melting.  There  were,  hoWOTW* 
several  noteworthy  features.  The  most  promiuenl  of  tliese  was  the  extreme  irregularity 
of  the  surface  due  to  differential  melting,  in  crossing  the  ice  surface  one  was  constantly 
dimbing  over  knolls  and  ridges  and  desoending  into  valleys,  some  roughly  circular,  others 
finear  or  eieBoentic,  and  the  diflereaxse  in  elevmtioa  from  yalley  bottom  to  ridge  oert 
WMoftanfbQy  100  feet.  The  elevations  occurred  where  the  drift  waa  thiA,  the  deptii- 
sions  where  it  was  thin,  and  it  was  evident  that  the  relative  podtiona  of  these  hi^ber 
and  lower  portions  of  the  mowune  surface  were  constantly  changing  as  the  thickness 
of  the  drift  cover  changed  through  downshding.  During  the  ablation  of  the  under  ice, 
steep  slopes  are  developed  down  which  the  debris  slides  to  the  depressions,  leaving  nearly 
or  quite  bacaSocilopes,  vdiile  thedlbria  accomnlatei  inthe  dapiaate 
kai  aceomnlatef  to  Buffident  depth  to  retard  their  further  reduction.  Then  the  depcea- 
sions  are  grtHinaftf  tranrfcnnad  to  elevations,  and  the  lonMr  elevations,  denuded  of  thoir 
drift  cover,  are  lowered  to  valleys.  Where  the  drainage  escapes  into  moulins  there  are 
conditions  favoring  more  permanent  valleys.  It  is  this  constant  shifting  of  debris  that 
prevents  the  gro^sih  of  vegetation  on  these  thinner  portions  of  the  ^l)lation  moraine, 
and  the  struggle  that  plants  are  making  to  find  a  foothold  here  is  often  illustrated  near 
Ifee  maigin  of  the  plant«ov«nd  portioii  d  the  ahlatioii  mnaine^  where  annual  plaata 
and  one  or  two  year  old  alder  and  willow  buahea  are  found  overturned,  or  dying  where 
they  stand  by  the  removal  of  the  soil  from  around  their  mots. 

A  second  noteworthy  feature  of  the  ablation  moraine  was  the  fact  that  the  rock  frag- 
ments were  all  angular,  so  far  as  we  were  able  to  observe.  They  were  frost-riven  frag- 
ments and  avalanche  falls  derived  from  the  steepened  upper  valley  walls  and  in  part, 
doobtleaa,  supplied  with  the  snow  itidi  as  it  alid  down  into  the  reservoirs.   In  the  outer 

fmtttiiAm  pS^^mmnt  Imlh  tim  aMalMin  nw—iiMi  Mouam^  d  m.  twnhtmmA  m—  tit  lifflrt^lf 

and  dapwrniom,  with  no  defimto  lyatenw  ^nd  with  a  topography  reminding  one  of  acme 
aaeaa  olaand  dimes  where  ridges  are  absent;  but  farther  np  the  glacier,  where  the  moraine 
was  thinner,  the  ablation  moraine  presented  a  series  of  crescentic  ridges,  where  longitu- 
dinal ridges,  perhaps  medial  moraines,  swung  across  the  glacier  instead  of  down  it.  The 
cause  for  this  peculiar  arrangement  of  the  moraiuic  ridges  is  not  clear,  but  is  evidently 
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in  some  way  connected  with  the  flowage  of  ice  under  the  wmditiong  ci  «Mf&MuAaa  into  ft 
piedmont  bulb  of  semi-stagnant  or  stagnant  condition. 

A  final  feature  of  note  was  a  narrow  depression  between  morainic  ridges  which  in 
1905  and  lUOG  run  euslward  from  the  base  of  Lucia  Nunatak,  for  about  a  half  mile. 
It  WM  mnch  amaUer  than  amihr  ioe-flatB  seen  on  Variegated  Glackr  in  1900  and  on 
Atievida  Glader  in  'UM.  The  devdopment  of  qwcentie  ridgw  and  interior  flats  aeema 
to  be  a  phenomenon  common  to  piedmont  ice  bulbs,  and  cHhtr  instances  will  be  pointed 
out  in  the  descriptions  of  other  glaciers.  Their  significance  will  be  discussed  in  a  later 
chapter  after  the  various  instances  have  been  described. 

On  the  western  side  of  Lucia  Glacier,  almost  at  the  mouth  of  Floral  Pass,  a  low  hill 
rises  between  700  and  750  feet  (Fl.  XVI»  B).  liussell  described  it  in  1890  ^  as  'a  huge 
xoonded  dome  of  sandstone  rising  boldlsr  out  of  the  loe.  This  is  similar  to  the 'nunataks' 
of  the  Gieenland  ice  fields,  and  iweomedhyioe  tdien  the  glaria^^  was  mote  intense 
than  at  present.  On  the  northern  nde  of  the  bland  the  ice  is  foned  high  up  on  its  flanks 
and  is  {ieei)ly  covered  with  moraines;  but  on  the  southwestern  side  its  base  is  low  and 
skirted  by  a  sandplain  deposited  in  a  valley  formerly  occupied  by  a  lake.  The  melting 
of  the  glacier  has  in  fact  progressed  so  far  that  the  dome  of  rock  is  free  from  ice  on  its 
southern  side,  and  is  connected  with  the  border  of  the  vaUey  toward  the  west  by  the 
sand^tlain.  This  plain  is  oomposed  of  gravel  and  sand  d^Msited  by  streams  which  at 
times  became  dammed  lower  down  and  expanded  into  a  lake.  Swdnn  areas  and  hoka 
over  parts  of  the  lake  bottom  show  that  it  rests,  in  part  at  least,  upon  a  bed  of  ice." 

From  its  position  tliis  hill  is  useful  as  a  register  of  changes  in  the  glacier,  and  for  that 
reason  calb  for  detailed  desc  riplioii.  In  1905  and  1906  the  eastern  face  of  the  nunattak 
was  a  steep  cliif  at  wiiosc  base  the  glacier  Bowed  in  contact  with  the  rock.  The  northern 
sidoi  less  steeply  sloping,  was  also  in  oontaet  with  the  iee»  bat  the  sovthcni*  or  lee  slope 
was  free  bom  ice,  idthon^  ^bit  Racier  qwead  westward  jvst  below  it.  Ob  the  western 
side  a  small  ice  tongue,  or  distributary  of  Lucia  Glacier  protmded  part  way  down  to 
Floral  Pass  with  a  slope  of  12°,  ending  in  a  low,  moraine-covered  terminus.  Thus  the 
hill,  which  is  about  }  of  a  mile  long  and  almost  half  as  wide,  had  ice  contact  for  about 
half  its  periphery,  while  ice  was  present  at  a  short  dbtance  both  to  tlie  west  and  south, 
being  absent  from  less  than  a  quarter  of  the  periphery,  toward  the  southwest.  The  ioe 
on  the  northern  skpe  rose  more  than  two-thifds  of  the  way  to  the  top  of  the  nunatak. 

in  August,  1905.   The  ice  rode  up  on  this  stoss  side*  at  an  angle  of  about  82^  to  a  faei|^t 

of  550  feet  above  the  base  where  there  was  a  rude  moraine  terrace,  100  yards  or  so  in 
width,  with  an  ice  foundation  still  present  (Fig  4).  Above  this  were  two  earlier 
moraines  155  and  50  feet  respectively  below  the  top  of  the  nunatak.  The  lower 
moraine  was  about  76  feet  wide  and  the  upper  contained  small  lakelets.  These  1905 
relationships  are  shown  in  Pis.  XVI,  B  and  XVm  where  the  1905  profile  is  oonlnated 
with  that  of  1909. 

The  hei^^t  to  which  the  ice  on  the  north  side  of  the  nunatak  rose  above  the  level  of 

the  main  glacier,  in  1905-(),  made  it  seem  unlikely  that  it  could  have  been  crowded  up 
to  that  level  by  the  then-existing  thrust  of  the  glacier.  The  natural  inference  from  thb 
condition  b  that  some  recent  thrust  had  pushed  the  ice  up  here,  and  thb  inference  b 
supported  by  the  fact  that  for  fully  100  Iset  above  tite  ioe  tiie  lull  slope  was  buren  of 

>  N«U  Geog.  Mag,  Vol.  III.  1891,  p.  106. 


Digitized  by  G()<.)^ 


t 


WCUl  and  AlBEVIDA  GLACIEB8  « 

vegetation,  although  there  was  abundant  plant  growth  above  this  zone.  That  part 
of  the  glacier  which  rose  above  the  glacier  level  on  the  northern  slope  of  the  nimatak  was 
eomidetdy  covered  wHh  a  thick  coat  of  moraine  by  which  ablation  must  necessarily  be 
gicatty  letaided,  so  that  the  thnut  wbiA  pudied  the  ^acior  up  may  well  have  ouemidl 
yetn  ago^  pfobaUy  kng  bcfote  BiuaeU's  vint  in  1880.  Qy  the  advance  of  1900  the  ioe 
fiMidHKni  anNDid  Loda  Nunatak  has  been  greatly  dlianged,  ai  k  atated  below. 

The  western  margin  of  the  glacier,  below  Lucia  Nunatak,  was  bordered  by  a  large 
marginal  stream  which  emerged  from  an  ice  tunnel  at  the  southeastern  corner  of  the 
nunatak  and  joined  the  Kwik  River,  receiving  on  the  way,  first  a  small  tributary  from 
^  ice  toaigae  vert  ol  the  nimatiJc,  then  land  streams  from  flonl  Pass  and  other  vali^s 
m  the  Flofal  WSk,  and  small  streams  from  the  Racier.  Luda  Stwwm  was  an  impasw- 
hie  glacial  torrent  where  it  emerged  from  the  ice  tunnel,  but  it  was  swollen  to  neariy 
twice  that  size  before  it  united  with  the  Kwik.  Although  this  stream  flowed  along  the 
western  margin  of  the  glacier  it  was  not  everywhere  in  contact  with  it,  for  Lucia  Glacier 
crowds  against  projecting  spurs  of  the  Floral  Hills  and  the  stream  was  at  such  places 
forced  into  rock-walled  gorges  cut  across  these  spurs.  Thus  the  marginal  stream  valley 
eoosists  ef  aheteiiss  where  the  mountain  forms  one  wall  and  the  g]ader  the  other,  altecw 
aatmg  with  short  seetioas  enclosed  on  both  sides  by  steeply-rising  lodc  waOs*  against 
vrhoat  base  the  river  in  places  flowed,  forcing  us,  in  our  attempt  to  peas  up  tiie  Tallqjr,  out 
ol  the  gorge  upon  the  higher  wooded  slopes  of  the  projecting  spurs. 

Conditions  on  the  eastern  margin  of  Lucia  Glacier  were  quite  different.  Above  Ter- 
race Point  the  snow  line  was  soon  reached  and  the  glacier  was  then  in  contact  witli  the 
mountain,  but  at  Terrace  Point  a  broad  valley  existed,  with  the  moraine-covered  ice 
for  one  wall  and  the  gravels  of  Temoe  Point  for  the  other  waD.  In  tliis  valley  was  a 
anall  stream,  sdpplied  by  drainage  from  the  land  and  from  the  ioe,  which  disappeared 
beaeath  the  ice,  but  whidi  had  earlier  in  the  season  been  Amman^  to  fofm  « lake.  Lacus- 
trine deposits  and  stream  gravels  had  accumulated  here,  and  the  process  of  formation 
of  the  gravels  of  Terrace  Point  was  here  being  duplicated  and  illustrated  in  miniature. 
One  or  two  small  lakes  existed  farther  down  in  this  marginal  valley  in  the  depression 
between  Atrevida  and  Luda  Gbciers,  and  bdow  that  came  the  area  of  coalescence  be- 
tween tiw  oevassed  Atrevida  and  the  stagnant  Loda  Glacier.  Beyond  this  jnnction 
the  two  lobes  flared  apart  and  there  waa  a  valley,  broadening  rapidly  westward  to  a 
I  V^-shape,  in  which  a  small  stream  flowed  over  an  alluvial  fan,  bordered  on  the  west  side 
i  by  the  low,  wooded  embankment  of  Lucia  Glacier  and  on  the  east  side  by  the  similar 
'  slope  of  Atrevida  Glacier.  This  stream  evidently  carried  the  drainage  from  the  Terrace 
Point  region  plus  such  water  as  escaped  from  the  eastern  margin  of  the  moraine-covered 
l4iaa  and  ^  wealem  margin  of  Atrevida  Glader.  A  large  part  of  thia  water  had 
paaeed  beneath  the  stagnant  interiobate  area  between  the  two  gladers.  Evidently, 
tbeicfore,  the  main  drainage  of  Luda  Glacier  was  on  the  west  and  of  the  Atrevida  on  the 
cast  ride,  and  the  intcrlobe  drainage  waa  moderate  in  amount.  This  condition  waa 
geeatly  changed  in  1909. 

Loda  Glacier  has  at  some  former  time  been  far  more  extensive  than  now.    This  is 
proved  by  the  moraiuic  deposits  that  cover  Terrace  Point,  and  by  the  moraine  terraces 
that  lie  high  up  in  Floaal  Pass  and  in  other  vaUeys  m  the  eastern  slopes  of  the  Floral 
It  haa  at  aome  period  been  tributary  to  the  Bfalaqnna,  and*  nhile  than  ia  no 
Vnd  of  it»  It  ia  entuely  poasOile  that  ice  may  even  at  preaent  lie  beneath  the  gravels  of 
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the  Kwik  valley  that  now  separate  it  from  the  Malaspina.  ThMO  dapoKti  an  10  liuA 
that  they  would  suflSce  to  almost  prevent  further  melting. 

Advance  of  Lucia  Glacier  in  1909.  So  far  as  we  know,  Lucia  Glacier  was  receding 
contiuuoualy  between  1B90  and  1909.  In  1906  there  was  some  evidence,  though  not 
voy  coadum,  of  a  oondag  duogeb  and  an  advance  was  pfodietod  on  the  baab  of  an 
apparent  increase  in  crevasaing  iq>  the  valley  and  on  the  avuiiqttkm  that  a  knger  Racier, 
like  the  Lucia,  might  reasonably  be  eqpeeted  to  advance  later  than  the  ahotter  ice  tiMtgwrBti 
like  the  adjacent  Atrevida.* 

When  we  saw  Lucia  Glacier  in  July  1909  it  was  advancing  as  the  Marvine  and  othen 
Were  doing  in  1906,  but  had  reached  a  less  complete  stage  of  advance  than  any  of  the  1906 
glaciers.  In  viow  of  the  rapidity  with  which  the  advance  passed  down  the  glaciers,  once 
it  had  started,  aa  observed  in  1006,  ft  seema  doubtfU  whether  the  crav^ 
the  ugpper  Luda  Glacier  in  1906  was  in  Msfity  the  forerunner  ci  the  1000  advance.  Had 
it  been  an  indication  of  coming  change  one  would  expect  that  its  effects  would  have  been 
felt  in  the  lower  glacier  by  1907.  Still,  our  knowledge  of  the  behavior  of  glaciers  advanc- 
ing under  Uie  impulse  of  snow  supplied  by  eartliquake  shaking  is  too  slight  and  too 
fragmentary  to  warrant  definite  exclusiou  of  this  suggestion  of  coming  change.  It  may 
be  trae^  for  example,  that  oo]y  one  or  two  of  the  tributaries  had  conuumicafted  the 
impulse  of  advance  to  the  mafai  glbwier  smI  that  sdBdeaft  foioe  had  not  ^ 
to  extend  the  crevassing  lartiicr  down,  wliile  a  srear  or  two  later  the  impulse  from  other 
branches,  either  more  numerous  or  larger,  gave  sufficient  impetus  for  a  continuation 
of  the  thrust  and  for  the  extension  of  its  effects  dosvu  tlie  glacier.  This  is  an  hj'pothesis 
at  least  worth  retaining  until  the  behavior  of  such  advancing  glaciers  is  better  understood. 

Be  this  as  it  may,  Lucia  Glacier,  when  seen  in  July,  1909,  almost  exactly  three  years 
•flMir  mil'  l>«fc  fhaemiim  rf  it  m  1006^  wm  iiitM^y  trmngtemmAf  mnA  tnut  rapiHly  <«ti»^n£p»ijy 

under  our  veqrcgres.  Belnieen  Terrace  Point  and  IiaciaNttnata]c,irihen  we  had  so  easily 

crossed  in  1905  and  1906,  the  undulating  monunO'OOVered  surface  was  rent  by  a  soffiia 
of  gashes  (Pi.  XVIII)  which  rendered  the  glacier  impassable.  These  gashes  were  pro- 
found, flaring  crevasses  of  great  length,  spaced  a  few  yards  apart,  nearly  parallel,  and 
extending  in  the  direction  of  iiow  of  the  glacier.  The  glacier  had  the  appearance  of 
bong  newly-crevassed  by  differeirtial  stnia  due  to  motion  down  the  valley  and  toward 
the  center  of  the  Racier  them  was  scmieindicatum  of  lanlting,  with  the  on  one  side 
of  the  crevasses.  The  direction  <rf  the  crevaises  varied  both  below  and  above  Terraoe 
Point,  but  in  each  case  changes  in  direction  seemed  attributable  to  change  in  direction 
of  flow  of  the  glacier.  For  example,  near  Lucia  Nunatak  the  crevasses  pointed  toward 
the  valley  center,  as  if  the  ice  flow  here  were  deflected  by  the  nunatak;  and  in  the 
piedmont  bulb  portion  the  crevasses  fanned  out  as  the  ice  itself  does  to  form  Uie  piedmont 
npannion,  Between  these  parallel  linear  gashes  there  were  very  few,  in  ftet  scarcely 
any  cross  breaks,  but  there  were  long,  undulating  strips  of  serac,  still  covered  with 
ablation  moraine,  over  which  travel  would  be  easy;  and  it  seemed  probable  that  onoe 
one  reached  this  gashed  area  it  would  be  a  matter  of  no  great  difficulty  to  cross  the 
central  part  of  the  glacier  by  a  sigsag  course,  threading  one's  way  around  the  ends  of 
crevasses. 

Along  the  margin,  on  both  the  east  and  west  sides  of  the  glador,  ihtb  condition  of  cre- 
vassing was  widdydillerent  from  that  of  the  center.  Here  the  ice  was  ooBliisad|jrbrQlDeii» 

t  Ttn.  B.  S«  Profeasiuaal  Paper  G4.  U.  S.  GeoL  Sonrey.  10O9,  p.  80. 
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Plate  VI 


A.    DiasKCTED,  T<  K-Sc'ULPTrRED  Gravel  Benches  on  North  Side  of  Nuxatak  Fioho 
Shows  also  gullied  highcr-lcvcl  gravels  on  frtwper  mountain  slope.    Note  absence  of  vegeta- 
tion.   Photograph  taken  July  8,  1005. 


B.    MoRAiNic  SrnFAtE  Venkerixg  Overridden  Gravels.  Wejjt  Side  of  Russell  Fiord 

Vegetation  just  advancing  over  the  surface  from  which  the  Nunatak-Hidden  Glacier  has 

recently  reccde<l,  1905. 
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Plate  VIII 


A.    Yahthe  Riyer  from  abo\'g  Ick  Tlnni:!. 
Photograph,  1891.  by  I.  C.  Russell. 


B.    Yaiitse  River  LstsuiNO  from  a  Tunnel  in  the  AL<iLAiiPL\A  Glacier 
Photograph,  1891.  by  I.  C.  Russell. 
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Plate  IX 


A.    SiTKAoi  huvrrs,  on  the  South  Margin  or  Malaspina  Glacier 
Pbotogr^h,  1891,  by  I.  (\  Russell. 


B.   Central  Portion  of  Malaspina  Gl.\cier 
Photograph,  1890,  by  I.  C.  Riusell. 
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Plate  X 


A.     MoRAINE-CoAERED  Sl-BFACE  OF  MaLASPIXA  Gi^CIER 
Pbutugraph.  1891.  by  I.  C  Russell. 


B.    FoHEST  Covering  ok  Mau\8Pixa  Gl..\cier 
Phutugraph.  1891,  by  I.  C.  Riu>sill. 
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Plate  XII 


A.     TtXDAIX  Gl-Al-IEH 

A  western  tributary  of  Malospiim  Glwior.    l'h«)lograph  from  Chaix  Hills  by  I.  C.  RusseU,  1891, 


B.     LiBBET  AND  Ao.UWIZ  (iLVriERH  JulNING  TIIK  MaL.VSPIN'A  GlACIEB 

From  Cliaix  Hills.    Photograph  liy  H.  <i.  Bryant. 
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Plate  XV 


A.    Broken'  Eahtern  Margin  or  the  Mah\txe  I»be  of  Mauhpina  Gi^cier 
From  alluvial  fun  of  Kwik  River.    Tin-  hrtiken  i(t>  r-liff  has  protnidixl  tlinitiKH  llie  niorainic 
soil  and  the  fon-st.    Blocks  of  icf  fril  from  this  cliff  as  the  sum-y  paiiy  pits-sii],  tnx>?(  cnuilu-ii 
down,  and  the  morainic  soil  was  constantly  .sliding  down.    Photofiniph  taken  .\upi8t  II,  I9(>6. 


B.    BuK-Ks  OF  Ice  PRoTHi  niNa  TimoLcjii  Morainic  Soil  xsu  Forest  Coveu 

Eastern  margin  of  Malaspina  Glarior.    ('ottonw(M)d  trros,  in  full  leaf,  overthniwn  by  the  rwcnl  tlinist 
that  broke  the  glacier  margin.    Photograph  taken  .Vugust  11,  liKMi. 
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A.   Moraine-Covered  Forested  Eastern  Margin  op  the  Marline  Lobe  of  Mala»- 

riNA  Gl.\cikk 

The  ice,  recenlly  tlirusl  forward,  has  protruded  thrt^iigii  the  soil;  the  trees  are  tilted  at 
various  angles  and  overturned;  and  the  undcrij-ing  ire,  exposed  to  air  and  rain,  ia  rapidly 
melting.  Streanu  of  water  and  of  liquid  mud  di'seend  the  slope.  In  early  July  tlie  foreground 
was  occnpietl  by  a  lake  upon  whieh  the  allu\'ial  fan  liad  eneruached,  the  stream,  in  the  mean^ 
time,  being  greatly  increased  in  size.    Photograph  taken  August  9,  1(M>6. 


B.    Lucia  Xfx.^TAK 

Willi  stagnant,  moraine-covered  ice  riding  up  «»n  its  nortln'm  slope.    Photograph,  .\ugust  ii, 
1U(»J,  from  Photo  Station  E  (Map  ij,  at  eastern  end  of  Floral  Pass. 
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the  crevasses  being  short  and  extending  in  various  directions,  giv'ing  the  glacier  the  ap- 
pearance characteristic  of  an  ice  fall.  Its  pinnacled  condition  was  only  in  small  part 
due  to  greater  ablation,  for  even  here  a  large  part  of  the  surface  was  still  protected  by 
tB/mim,  The  glacier  suifaoe  had  the  appearance  of  having  been  brdcen  by  dragging 
■id  Aflvug  as  tbe  strain  of  the  gbciBT  flo^ 

«mimJ  m.  mmMng  nf  f     irm  f^mmmk  tfi^iralUy  mugiM,  f li a  f liinn^  mMgiwI  pflrtSna  buying 

too  great  rigidity  to  accommodate  itself  to  the  strains  thus  induced.  One  was  reminded 
jomewhat  of  the  broken  blocks  of  ice  that  are  piled  up  along  the  margin  of  a  frozen  river 
that  rises  in  flood.  This  condition  extended  all  along  the  visible  margin  and  was  strikingly 
devek)ped  both  on  the  stoss  slope  ol  the  nunatak  and  around  its  eastern  base. 


1905 


¥m,^  hammuuiux,  Biawa  or  Iioci^  Oauam  An  Nemmg. 

Above  Terrace  Point  the  glacier  was  also  badly  crevassed.  Those  tributaries  that  enter 
fraai  the  west  were  not  notaUy  broken,  but  two  that  enter  from  the  east,  just  above 
Tcmoe  Pomt,  me  impassaUy  oevassed  where  tliegr  emerged  from  their  vaDeys,  and 
tiie  crevassing  of  these  extended  for  only  a  half  mile  into  the  main  ^ader.  It  seems 
eertain  that  some  of  the  impulse  of  the  advance  of  Lucia  Glacier  was  supplied  by  these 
tribataries,  but  the  greater  part  was  apparently  supplied  from  the  main  glacier,  which 
was  badly  crevassed  uhoN  c  llicsi^  two  tributaries,  and,  in  fact,  as  far  into  the  mountains 
as  we  could  see.  A  uotewortliy  feature  of  the  glacier  above  Terrace  Point  was  the  pres- 
ence of  »  exescentic  depressum  between  the  oevassed  area  of  the  two  eastern  tribataries 
sod  tiie  cKvassed  main  ^adsr.  It  is  as  if  tlie  Racier  levd  were  raised  by  the  impulse 
fnm  the  main  Racier*  while  tlie  advance  of  the  two  tributaries  had  raised  a  crevassed 
s 
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piedmont  bulb  where  they  emerged  from  tlieir  valleys;  but  between  the  two  was  an  area 
that  was  less  raiaed  and  broken,  being  between  two  different  currents  of  recently  accel- 
€CKtod  106  IDObOID* 

Bekm  Temoe  Fcont  the  ewnamng  dmmudied  in  amouai  and  finally  died  mit  ooni* 
pletdy  before  the  alder-covered  portion  of  the  aUation  moraine  was  reached.  This 
outer  portion,  beyond  the  area  of  crevassing,  was  apparently  in  no  notable  respect  differ^ 
ent  from  its  1906  condition.  Indeed  three  lakes  showing  in  the  forest  in  the  1906  photo- 
graphs were  still  present  on  the  glacier.  There  was  no  crescentic  crevassing,  such  as 
was  so  prominently  developed  in  Atrevida  Glacier  during  its  advance,  and  no  noticeable 
thichenmg  of  the  piedmont  portion.  Thia  aection  was  atill  a  field  of  ablation  mocaine* 
inth  the  outer  feinge  of  fotert  and  alder  grading  into  a  waste  of  iMnen,  mi^^ 
moraine  with  no  ice  appearing  ivfaen  viewed  from  a  distance.  But  in  1009  this  desert  of 
ablation  moraine  graded  into  an  area  of  gashes  in  whidi  ioe  was  leveaied  in  indeasing 
amounts  up  tlic  glacier. 

While  there  was  no  noticeable  thickening  of  the  piedmont  portion  of  the  glacier,  there 
was  thickening  along  the  margins  at  Terrace  Point  and  Lucia  Nunatak,  and  presiunably 
also  between  these  two  points.  The  thifliPMnng  and  advanoe  was  best  shown  at  Lucia 
Nunatak.  Hera  the  ioe  rode  hi^  up  on  the  stoss  or  northern  end.  The  nn^nUt^ng^ 
moraineK90?cred  stagnant  ice  tiuKt  in  1900  rested  hi|^  up  on  the  northem  slope  of  the 
nunatak  was  now  replaced  by  an  up-domed  area  of  greatly  crevassed  ice  which  had 
overridden  the  barren  area  and  advanced  into  the  zone  of  vegetation  that  covers  the 
nunatak  top.  At  this  point,  therefore,  the  glacier  was  over  100  feet  higher  than  in  1905 
and  1906.  A  peculiar  dome  of  broken  ice  also  rose  agunst  the  middle  of  the  eastern  side 
of  the  nuna*afc,  but  the  cause  for  this  couM  not  be  determined  at  the  distance  froniwh^ 
we  viewed  iL  The  stagnant  tongue  of  Luda  Glacier  whidi  formerly  streldied  doiwn 
the  vdleiy  between  the  nunatak  and  Floral  HiUs,  and  which  in  1905  and  1906  was  not 
visible  from  the  crest  of  Amphitheatre  Knob,  had  been  pushed  forward  and  broken  into 
impassable  condition  so  that  it  was  now  plainly  visible  from  that  \'iewpoint,  and  the  ice 
tongue  extended  a  quarter  of  a  mile  beyond  the  southern  end  of  tlie  nunatak.  Its  toljU 
advance  is  estimated  to  have  been  between  half  and  three-fourths  of  a  mile.  WlieLher 
it  united  with  the  main  glacier  below  the  nunatak  could  not  be  detennined>  but  if  it  did 
not  actually  unite  it  certainly  almost  did  ao,  and  the  hill  was  once  more  needy  if  not 
quite  a  true  nunatak. 

At  Terrace  Point  the  ice  had  been  pushed  up  laterally  and,  as  already  stated,  had  been 
greatly  broken.  During  the  earlier  visits,  in  1905  and  1906,  this  margin  wa.s  a  moderately- 
sloping,  moraine-covered  embankment  with  almost  no  ice  showing,  and  one  could  ascend 
the  slope  at  any  point.  Now  the  broken  ice  was  bordered  by  a  jagged  precipice  from 
vdiich  both  moraine  and  ioe  blocks  wera  constantly  falling.  Hie  m^n^n^i  valleiy  be- 
tween the  Racier  and  Temoe  Point  had  been  greatly  narrowed,  the  ioe  having  pushed 
out  laterally  one  or  two  hundred  yards.  At  no  point  was  the  ioe  in  contact  with  Terrace 
Point  and  a  narrow  marginal  valley  still  existed.  In  the  lower  portion  of  this  valley 
stood  a  narrow  linear  lake  at  least  a  half  mile  in  length  and  two  or  three  hundred  yards 
wide,  with  the  jagged  ice  precipice  forming  one  margin  and  the  southern  enfl  of  Terratec 
Point  the  other.  This  lake  was  filled  with  icebergs,  and  as  we  looked  down  upon  it  we 
saw  many  fall  into  it.  At  the  southern  tip  of  Terrace  Point  in  1900  a  small  lake  stood 
when  the  advancing  Atrevida  Glacier  had  pushed  forward  to  dam  the  dramage  from 
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tbe  eastern  margin  of  Terrace  Point,  forming  a  lake  which  did  not  exist  in  1009*  Thif 
lake  atill  existed  August  3,  1909,  but  soutli  of  it  for  over  half  a  mile  the  moraine-eovered 
depression  between  Lucia  and  Atrevida  Glaciers  was  coverc<l  with  icebergs.  The 
expanded  lake  in  which  these  icebergs  floated  was  seen  from  tlie  crest  of  Amphi- 
theatre Knob  on  July  21,  1909,  but  before  August  3  was  drained  through  a  subglacial 
tomcL 

Aoodier  notaUe  diaage  along  the  eMtenn  mazgiii  ol  fhe  Loci*  Ghder  mm  the  de- 

Telopment  of  a  huge  glacial  stream  in  the  depression  between  the  outer  portions  of  ths 
Lucia  and  Atrevida  lobes.  In  190G  there  was  only  a  small  stream  here,  but  in  1909  one 
of  the  largest  glacial  streams  of  the  region  was  flowing.  This  increase  in  volume  was 
probably  due  in  part  to  the  recent  breaking  of  tlie  glacier,  thus  exposing  the  ice  to  more 
mpid  melting;  but  this  does  not  seem  to  be  a  sufficient  cause  for  so  great  an  increase. 
It  M  inolMble  tiuit  a  stffl  mon  efficient  cauM  is  the  interf ennoe  with  and  dettiactioa 
of  the  sobgiacial  dtainage  iduch  had  developed  during  yeaii  td  atagnation,  and  which 
Bl  lOOS  and  1906  found  escape  at  the  southern  end  of  Lucia  Nunatak  on  the  Of^osite, 
or  western,  side  of  the  glacier.  The  advance  and  breaking  of  the  glacier,  so  notable 
near  the  nimatak,  must  have  destroyed  this  system  of  subglacial  drainage  toward  which 
most  of  the  water  from  the  glacier  formerly  flowed.  Whether  the  new  drainage  all  went 
to  the  east  side,  or  whether  a  considerable  portion  still  emerged  on  the  western  margin 
eooidiiotbedilemiined;  Iml  Ihil  a  hiiiii  jii  iijiiiiliiai  iia|iii1  Ihnwiflh  thu  iiailiiin  ilnniii 
kcoftain. 

This  remaifcahle  diange  in  condition  of  Lucia  Oacier  in  the  interval  between  Aiigaat* 
1906,  and  August,  1909,  had  wholly  altered  the  appeaianeeof  the|^acier»andyetweoQii> 
dude  tliat  the  tlirust  by  which  the  change  has  been  caused  was  either  a  weak  one  or  else 
only  just  beginning  to  make  its  efiForts  felt,  probably  the  latter.  The  reasons  for  this 
conclusion  are  several,  all  based  upon  the  changes  which  a  similar  advance  brought  about 
hiether  gladen.  Compared  with  the  Atrevida  in  1906,  for  instance,  the  Lucia  in  1909 
was  far  lew  bralBa^  and  the  piednioot  area  wat  not  nolieeablj  thicl»^^ 
was.  As  yet  there  had  been  no  devdopinent  of  great  creacentfe  crevasses  in  the  piedmoot 
hldb  as  was  the  case  in  the  Atrevida,  and  the  crevassing  did  not  reach  out  into  the  alder 
Kmc  as  it  did  in  the  Atrevida.  In  other  words,  the  stage  of  breaking  of  Lucia  Glacier 
was  in  1009  far  less  advanced  than  that  of  Atrevida  (ihu  ier  in  1906.  It  was  far  less 
broken  than  the  Mar\nne,  Haenke  and  Variegated  Glaciers  also. 

In  view  of  the  rapidity  with  which  these  waves  of  advance  pass  down  a  ^bGier»  essen- 
tisQgr  the  whole  tiansfarmation  in  the  case  of  those  that  advanced  in  1000  having  taken 
piaee  withnt  a  period  of  nme  or  ten  months,  it  is  not  improbaMe  that  the  lesser  devetop- 
ment  of  tiieLiicia  advance  was  notdueto  weakness  of  the  thrust  but  to  the  fact  that  our 
observations  were  made  too  early  and  before  the  advance  was  finished.  We  can  state 
with  certainty  that  the  entire  breakage  was  recent,  and  mainly,  if  not  entirely,  in  the 
M  ason  of  H)0!).  and  that  it  was  still  in  progress  in  August.  Tlie  proof  of  this  is  conclusive 
and  of  several  kinds.  Most  noticeable  of  all  is  the  condition  of  the  crevasses  and  inter- 
crevaase  or  serae  areas  in  the  middle  of  the  ^ader.  Althoo^  wcfi  hektw  snow-Hne,  and 
b  a  sitoatioa  when  aUation  is  rapid,  the  edges  of  the  crevasses  were  sharp  and  angul^ 
as  if  fredify-hroken,  and  the  serac  areas  were  still  so  completely  covered  with  ablation 
moraine  exocpl  on  fhe  cwnrame  faces  thai  little  ice  was  seen  in  this  entire  area.  Even 
near  the  glacier  margin,  where  the  ice  was  so  broken  and  pinnacled,  a  large  part  of  the 
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ice  was  still  veneered  with  moraine,  a  condition  which  could  not  possibly  li»vc  hcca 
the  case  had  ablation  been  long  active  on  this  maze  of  jagged  pinnacles. 

The  marginal  lakes,  and  the  formation  and  drainage  of  one  of  them,  point  to  the  con- 
dnflioa  that  the  advanoe  was  in  piogren;  hat  mon  inqMNrtant  than  thk  ia  tha  iMt  tibat 
during  our  Tint  the  ioa  ahmg  the  gladcr  maigin  mm  being  bcoken  hj  the  thraet.  Aa 
we  stood  onTenaoeFointfor  afeirhoaiaiTOhflaidksefaUseveiyfeirnii^^ 
this  had  V)een  in  progress  for  some  time  was  proved  by  the  presence  of  many  white  ice 
patches  in  the  broken,  d6bri.s-covcred  marginal  area,  caused  by  the  recent  fall  of  ice, 
and  even  more  noticeably  by  the  great  numbers  of  icebergs  floating  in  the  marginal  lake 
and  stranded  on  the  bottom  of  the  abandoned  lake. 

We  believe  that  theee  facts  demonetiate  that  the  advance  ef  Lucia  Glacier  hegut  no 
earlier  than  the  antunm  d  190B  (and  probably  even  more  ieoent^)»  and  that  it  waa  in 
vigorous  progrees  in  August,  1909.  We  have  no  reason  to  donbt  that  in  a  few  weeks  n 
notable  difference  would  have  been  observed  in  the  appearance  of  Lucia  Glacier.  We 
looked  forward  witli  the  utmost  interest  to  re-examining  this  glacier  in  for  it  waa 

to  be  cx])ected  that  great  changes  would  take  place  in  the  interval.  If  they  had  it  would 
have  given  basis  for  a  fuller  statement  of  the  nature  of  the  changes  in  these  advancing 
gladcis  than  ia  now  possible,  ffithcrto  the  advance  has  been  nearly  or  completely 
finished  when  bbeerved,  but  in  this  case  theie  ia  reason  lor  thinfcing  that  the  advaaoa^ 
as  seen  in  1909,  had  not  reached  the  maximima.  The  ideal  plan,  had  it  been  pfreriblrr, 
would  have  been  to  stay  right  at  Luda  Glader  and  reootd  the  daily  changes  thrau^bool 
the  fall  and  winter. 

Condition  in  1910.  When  the  junior  author  returned  to  Yakutat  Bay  in  June,  1910, 
he  regarded  the  observations  of  Lucia  Glacior  as  the  most  interesting  and  important 
nUch  it  was  his  privilege  to  undertake.  Ongoingup  YafcntatBayanenonnoaaaaKNint 
ef  floating  ice  wae  enooontered  and,  as  it  was  then  i4)parent]y  impQesihle  to  cross  to  tiM 

west  side  of  Yakutat  Bay,  the  investigation  of  the  Hubbard,  Nunatak  and  other  fllaricai 

was  undertaken  first,  in  the  hope  that  the  ice  jam  would  thin  suflBciently  in  the  course 
<jf  a  week  so  that  the  west  side  of  the  bay  and  Lucia  Glacier  might  then  be  reached. 

Upon  the  return  to  outer  Yakutat  Bay,  however,  the  ice  jam  was  undirainislied  but 
three  attempts  were  made  to  penetrate  through  the  icebergs  to  the  west  side  of  the  bay, 

each  tune  without  success.  A  camp  was  maintained  on  the  east  side  d  the  bey  and  Um 
ice  was  watched  constantly  for  favorable  cooditioDS  but  each  time  we  atten^ted  croamng, 

the  launch  was  turned  back  by  the  ice  jam,  after  some  arduous  and  dangerous  liipilliiumi 

Finally,  the  date  of  the  northward-bound  steamer  approachint?.  it  was  necessary  to 
choose  between  not  seeing  Lucia  Glacier  in  1910  or  losing  two  weeks  or  a  month  of  the 
season  in  Prince  William  Sound,  where  the  author  had  been  directed  to  spend  most  of  the 
summer.    With  deepest  disappointment  the  Lucia  Glacier  observations  were  then  given 

Sudi  observations  as  could  be  made  with  Add  glasses  from  high  points  on  the  east 
side  of  Yakutat  Bay  revealed,  however,  that  lAlcia  Nunatak  had  not  been  completdly 
overridden  and  that  the  stagnant  moraine-covered  outer  l)ulb  of  Lucia  Glacier  had  not 
been  broken  up.  The  ice  rmle  little,  if  any,  higher  up  on  the  north  side  of  the  nunatak 
tliau  in  1909.  The  creviissed  glacier  surface  was  still  dark  with  lar^'c  amounts  of  ablation 
moraine  upou  tiie  serac  tables.  The  trees  upon  the  visible  outer  part  of  the  glacier  bulb 
unere  ondistuibed.   The  Kwik  River  and  smaDer  streams  north  of  it  that  receive  dis- 
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I  Augjt  from  Iamu  Glider  wt&antA  not  uppnaMy  larger  tluui  in  1909,  aMioagli  m  the 
ebwnratMMii  nude  hJfy  tiro  iveeka  eeifier  Uian  tltt  jniuor  author  had  ever  heea 
m  Yakutat  Bay  before,  and  a.s  snow  atill  kgr  on  tiie  ground  at  sea  kvd,  the  latter  point 
could  not  be  stated  with  certainty. 

These  scanty  and  tantalizing  observations  gave  the  impression  that  the  advance  of 
Lucia  Glacier  had  not  continued  verj'  long  after  our  leaving  the  region  ten  months  l)efi)re 
or  else  that  the  rate  of  advance  had  slowed  down  so  that  changes  were  taking  place  \  cry 
dowl^uideed.  * 

abvMfidii  ta  mi.  By  Hkb  summer  of  1911  tlie  advance  of  Luda  Glacier  ww  all 
over,  for  it  was  easily  crossed  by  a  Boundary  Survey  party  in  that  year.  The  return 
to  stagnation  after  the  advance  of  1909  was  evidently  quite  as  rapid  as  in  the  other 
glaciers  of  Yakutat  Bay  wliich  have  had  advances  stimulated  by  earthquake  avalanch- 
ing.  It  was  partly  covered  by  ablation  moraine  when  seen  by  the  junior  author  from 
the  bay  in  1913. 

Atkbvida  Glacier 

Omgral  Deterij^ion,  Atrexida  Glacier,  which  is  much  shorter  than  the  Lucia,  is  an 
ice  tongue  of  similar  characteristics.  It  expands  much  more  in  its  lower  course,  however, 
being  only  about  a  half  mile  wide  in  its  deep  mountain  valley  but  flaring  out  rapidly  to 
a  mile  and  three  quarters  at  the  point  where  it  passes  between  Amphitheatre  Knob  on 
Oe  cast  and  Tenaoe  Foint  om  tbemit.  and  ooaleeoes  with  Luda  Glacier.  The  whole 
^ader,  piedmont  bulb  and  aU,  IB  imbaUty  less  than  ten  mi^  Several  streams 

flow  from  ft  (a)  to  Kwik  River,  (b)  dirertfy  to  Yakutat  Bsy,  and,  (4O  lor  Esker 
from  the  eastern  side  at  the  base  of  Amphitheatre  Knob  (Map  2). 

Condition  in  1890  and  1905.  The  glacier  was  named  by  Professor  Russell  in  1800,^ 
who  described  it  in  about  the  same  terms  a.s  the  Lucia,  besides  showing  its  condition  by 
several  pictures.  The  1890  conditions  seem  almost  exactly  like  those  in  August,  1905, 
when  we  obtained  a  bird's  eye  view  of  it  from  the  summit  of  Amphitheatre  Knob, 
idnch  nsee  above  its  eastern  maigin,  and  later  in  August  when  one  eqieditaon  was 
Bsde  in  vaiioas  directions  over  tiie  ablation  morsine  near  the  east  ade  and  another,  by 
the  junior  author,  from  the  east  side  to  Terrace  Point  and  back  by  different  routes. 

The  exact  length  of  the  glacier  is  not  known,  but  the  valley  portion  is  probably  less 
than  five  miles,  while  the  distance  from  Terrace  Point  to  the  terminus  of  the  piedmont 
bulb  is  about  five  miles  more.    There  are  numerous  tributaries,  all  small,  so  far  as  seen, 
and  descending  in  steep  courses  as  cascading  glaciers.    In  the  lower  portion  of  the  valley 
'  ttcse  are  caerading  ghMiers  vrtatik  no  longer  unite  with  the  main  ^ader.  Hie  valley 
I  uilb»wludialtaandferationsof<000  to  0000  feet,  are  eveiTwlieresteq^shov^ 
I  cvidnoeof  profound  valley  deepening  by  facial  erosion,  and  between  them  lim 

with  a  width  of  two  or  three  miles,  broadening  toward  the  valley  mouth.  So  far  aa 
observed  in  1905,  with  a  single  small  exceptional  area,  AtreWda  Glacier  was  in  a  scmi- 
stapnant  state  in  its  valley  portion  and  quite  stagnant  on  its  outer  ])ortion  beyond  the 
mountain  front.  It  was  possible  to  travel  easily  on  any  part  of  tlie  glacier  and  we  walked 
infy  over  its  surface.  For  a  mile  or  a  mile  and  a  half  within  its  mountain  valley  the 
llsfier  was  coveied  with  an  almost  oontinuons  sheet  of  ablation  morairo 
VM  an  undulating  waste  of  roek  fragments  of  all  siies,  from  huge  angular  bowlders  to 

*Nrt.  Gcof.  liac  Vd.  m,  I8BI,  mi.  SMt  «ad  Phtw  10  aad  11. 
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clay.  The  only  diificuity  in  travelling  and  packing  camp  outiit  over  this  surface  waa 
tilt  Wttteble  podtioil  «f  ii»  sock  fragments  iwting  on  the  gUuaer,  aad  1^  meeuil^  d 
coofltantly  dimhiiig  lidgea  and  knobs  sad  dwrwMKng  into  pits  and  ▼sUcgrs,  in  wkatem 

direction  one  travelled.  There  seemed  to  be  no  system  to  the  hillocks  and  depressant 
their  origin  being  evidently  differential  ablation  of  the  under  ice  which  the  mocaine  pio> 
tected  in  varj'ing  degrees  according  to  the  local  thickness  of  the  moraine  cover. 

In  Uie  upper  portion  of  this  morainic  desert  the  amount  of  visible  ice  increased,  the 
moraine  cover  became  notably'  thinner,  and  the  surface  was  less  irregular.  Some  cre- 
Ysssing  also  appeared,  but  nowhere  in  sufficient  amount  to  prevent  travelling  ov^  the 
glader  en3q;»t  in  one  small  seetaon  wfaers  a  dome  ot  cimssed  aos  appeased  in  the  midtt 
of  tlie  moraine  desert.  It  was  so  sbnocmal  a  featine  tibat  we  pkotognnplied  it,  thinking 
that  it  represented  the  updoming  of  ice  in  passing  over  some  elevation  in  the  valley  bottosB. 
We  predicted  the  existence  here  of  an  unborn  nunatak,  hut  tlie  crevassed  dome  is  now 
intcrj)rcted  as  the  first  sign  of  the  coming  trau^sformation  of  the  glacier  which  was  ob- 
served in  full  progress  in  1906.  Still  farther  up  the  glacier,  clear  ice  predominated  and 
finally  the  moraine  entirely  disappeared,  but  we  did  not  visit  this  part  of  the  glacier  and, 
thenf ofCb  cannot  desciilM  it  in  detail 

"Sawben  in  the  upper  part  of  the  vallqr  portion  of  Atievida  Glacier  did  i^egetalioa 
grow  in  the  ablation  moraine,  for  it  was  shifting  rapidly.  But  farther  down,  near  the 
end  of  the  valley  portion,  scattered  alder  bushes  and  clusters  of  alder  grew,  extending 
farther  up  the  valley  on  the  eastern  margin  than  in  the  center,  because  the  lateral  moraine 
deposits  were  thicker  and,  therefore,  under  more  stable  ronditions.  Just  outside  the 
mountain  valley  portion  of  the  glacier  the  ablation  moraiuc  was  covered  with  alder,  and 
further  out,  with  cottonwood  and  spruce.  These  bushes  and  trees  were  matnie,  indicstr 
ing  a  long  condition  of  stagnation  in  this  part  of  the  glader.  The  stagnant  ovier  part 
of  the  Atrevida  was  a  true  piedmont  bulb, extending  four  or  five  miles  beyond  the  moun- 
tain front  and  expanding  fan-shaped  until  it  attained  a  ^\ndth  of  about  twice  that  of  the 
valley  portion.  On  the  western  side  it  coalesced  with  Lucia  Glacier.  As  alreail\-  stated 
in  the  description  of  that  glacier,  the  two  glaciers  were  separated  in  the  lower  portion 
by  a  V-shaped  valley,  then  by  an  interlobate  section  on  which  a  narrow  strip  of  alder 
grew,  and  above  this  the  two  glaciers  again  separated  a  short  distance  below  Terrace 
Point,  which,  with  the  moimtain  hade  of  it  form  the  dividing  walls  between  the  tbUsj 
pOT^ons  of  the  two  i^ados. 

Both  at  Terrace  Point  and  along  the  eastem  side  of  the  valley  portion  of  Atrevida  Glacisr 
the  margin  had  a  thickly  moraine-covered,  moderately-sloping  embankment  which  we 
could  a.scend  at  any  point.  It  formed  one  wall  of  a  marginal  valley,  carrying  some 
drainage.  On  the  west  side  there  was  little  drainage  from  either  the  Lucia  or  Atrevida, 
and  onl^'  a  small  stream  escaped  in  the  \' -shaped  viille^'  between  the  interlobate  portion 
of  the  coalesced  Loeia  and  Atievida;  and  tfam  were  only  small  streams  emerging  from 
the  outer  portion  of  the  piedmont  bulb  which  rose  above  the  Kwik  valley.  A  small 
stream  emerged  from  the  forest-covered  part  of  the  piedmont  bulb  on  the  eastern  side 
and  flowed  into  Yakutat  Bay,  hut  it  was  easily  forded.  The  main  drainage  of  the  gkaciei 
emerged  from  the  east  side  at  the  base  of  Amphitlieatre  Knob.  At  the  point  of  emer- 
gence of  this  stream,  which  Russell  called  Esker  Stream,  there  was  a  low  cave  with  vertical 
or  overhanging  walls  above  which  the  ice  edge  had  a  slope  of  about  So°,  down  which 
a  few  stones  were  sUding.   The  ice  was  nowhere  heavily  d^ris-laden,  though  dirtiest 
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near  the  base.  There  were  a  f««r  carevasses,  dipping  like  joint  planes  at  an  angle  of  5" 
or  10"  from  the  horizontal  and  suggesting  differential  ice  movement.  At  the  top  of  the 
200  foot  ice  slope  there  was  a  dense  alder  tlneket  with  bushes  estimated  to  be  fifteen  or 
twenty  years  old.  We  are  inclined  to  interpret  the  slight  crevassing  of  the  ice  fliff  as 
the  beginning  of  the  advance  and  profound  breaking  which  were  observed  nine  months 
litar. 

ftofeiii  Boiadl  cwed  Atmvida  Glacier  in  1800,  starting  at  tlie  point  of  cmogenoe 

of  Eaket  Stream,  witfa  liis  entire  outfit  From  his  description  we  are  led  to  infer  that 
the  Atrevida  was  in  esaentiaUy  the  same  condition  in  1M5  aa  in  1800.  One  of  the 
photographs  illustrating  his  report  ^  shows  the  glacier  surface  covered  with  ablation 
moraine;  another  shows  the  ice  cave  from  which  Esker  stream  emerges  and  we  could 
notice  scarcely  any  difference  in  its  form  in  August,  1905.  Russell's  description  of  the 
conditions  in  1890  was  as  foUowa*  "The  waters,  brown  and  turbid  with  sediment, 
vdledoatof  acaveaiattlielootofaaioeinrapioemfeethi^aad  a  naziag 

dnam  loo  deep  and  too  fulfl  lor  loidfaig.  .  .  .  The  daik-oobied  ioe,  miied  niUi 
itaHB  and  dirt,  mi^t  easily  be  mistaken  for  stratified  rock,  but  the  cBrt  ^scoloring  the 
ice  is  almost  entirely  superficial.  The  crest  of  the  cliff  is  formed  of  debris,  and  is  the  edge 
of  the  sheet  of  stones  and  dirt  covering  the  general  surface  of  the  glacier.  Ovsnng  to 
the  constant  melting,  stones  and  boulders  are  continually  loosened  to  rattle  down  the 
steep  slope  and  plunge  into  the  water  beneath." 

Thnt  ia  evwy  reason  to  beKeve  that  the  i^acier  had  changed  vety  little  tor  many  years 
hdan  BnsaeD'a  yidt  Its  piedmont  portion  musi  have  been  in  a  stagnant  stale  for  at 
least  a  half  century  before  1905,  otherwise  the  ablatiOB  moraine  and  its  forest  oould  not 
have  developed.  That  it  had  not  been  notably  more  expanded  for  an  even  greater  length 
of  time  was  proved  by  the  presence  of  a  mature  forest  growing  up  to  the  very  margin 
<rf  the  moraine-covered  ice.  No  notable  recent  recession  had  taken  place,  for  tliere  was 
only  a  very  narrow  area  along  this  margin  in  which  the  forest  did  not  grow.  From  the 
eridaoeetiUt  we  possess  we  fed  wanattlod  in  infemng  a  long  period  of  stagnation,  with 
as  notable  advance  or  teoos  Am  for  semal  decades,  and  pnAMy  for  more  than  half  n 
centoxy.  Up  lo  the  antnmn  of  1905  the  Atrevida  was  a  fine  example  of  a  valley  (^ader 
with  a  inedmont  terminus  completely  covered  with  ablation  monune  and  in  the  oaler 
portion  so  stagnant  that  it  bore  a  dense  growth  of  vegetation.  No  one  would  have  ex- 
pected tliat  such  a  glacier  would  suddenly  spring  into  activity,  and  such  a  thought  never 
eeemred  to  us  even  when,  in  June  1906,  the  senior  author  approached  the  Atrevida 
ni&  the  purpose  of  traversing  a  route  westward  to  the  Malaspina  along  the  line  followed 
kr  Bnssell  ui  18Q0  and  fagr  the  junior  author  in  August,  1905. 

Th$  Aittmm  ti  190$,  As  the  Geological  Survey  party  ^iproadwd  the  margin  of 
Atievida  Glacier  early  in  June,  1906,  never  dreaming  of  change,  tiie  first  surprise  came 
when  at  a  distance  of  several  miles  a  jagged  ice  cliff  was  seen  where  nine  months  earlier 
there  was  a  low,  moraine-covered  ice  margin,  bearing  forest;  and  later  investigation 
showed  tlxat  the  entire  glacier,  with  the  exception  of  the  outermost  {X)rtion,  was  utterly 
transformed  and  quite  impassable.  A  bird's-eye  view  of  the  entire  glacier  was  obtained 
hon  the  CTCsl  of  Amphithealie  Kiid>  (Fls.  XXVI,  XZVn),  ^ 
4ie  eeslttu  maigin  of  the  Atrevida,  and  early  in  August  a  vial  was  made*  via  Fknal 

>  BiMil,  L  C«  Aa  BipedKion  to  Mbqat  St  EIim^  Alaika.  Nat  Gecg.  l£i«..  Vol  m.  1891,  PL  X. 
•Nrt.  G«f.  Mac^  Voi  Ul,  ISSl,  pp.  M-5. 
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Pass,  to  the  western  margin  at  Terrace  Point.  Such  a  sudden  and  absolute  change  in  a 
glacier  in  so  short  an  iutcrval  of  time  had  never  before  been  observed  and  described,  so 
far  as  we  know. 

Fiom  side  to  aide,  and  irom  as     iq>  them(niiitamyalkyaflweooiiUaee,donrainto 

the  aldeMSovered  pcnrtion  of  the  piedmont  bulb,  was  socfa  »  sea  of  r  wnn—M  (PL  that 

there  was  no  dinction  in  wiudi  it  seemed  possible  to  cross  the  i^bder;  and  even  to  itrrmd 
to  its  surface  proved  to  be  a  matter  of  great  difficulty.  Wliere  formerly  there  was  a  waste 
of  ablation  moraine,  with  no  ice  appearing  in  a  distant  \'iew,  the  glacier  was  so  pro- 
foundly broken  that  clear  ice  appeared  on  every  hand.  Much  of  the  ablation  moraine 
had  disappeared  into  the  crevasses  and  dunng  the  suminer  still  more  was  thus  removed* 
so  tliat  tiie  ^ader  nufioe  mw  tnuufomwd  not  only  by  the  devdoiwieat  of  iimwrnwhle 
GMvasMs  but  also  by  Uie  loss  of  much  of  its  morainic  veneer.  Moraine  still  dung  to 
the  tops  of  the  broader  avac  ni^gBa,  but  more  than  half  the  surface  was  dear  ioe;  and 
instead  of  the  undulating  morainic  surface  there  wm  ioe  flpluitei%  p5«»*M*lfi;  aittfli^ 
and  profound  crevasses  extending  in  all  directions. 

In  the  valley  portion  of  the  glacier  there  was  no  appearance  of  system  in  the  crevassing, 
but  beyond  the  mountain  front,  whan  the  ^ader  spreads  out,  the  crevassing  assumed  a 
crasoentic  foim.  A  aeries  ol  oonoentric  gadiea,  with  ladiua  inetoasing  towaid  the  outer 
portion  of  die  erevassed  area,  showed  their  crescentic  form  veiy  deariy  where  tibta  pnie 
ice  was  opened  in  the  dark  ablation  moraine  and  still  move  dearly  in  the  dark-green 
alder  zone.  It  was  almost  weird  to  see  these  ice-walled  gashes  rent  in  the  soil  in  which 
dense  thickets  were  gro^^dng,  but  it  showed  vividly  on  what  an  unstable  foundation 
the  vegetation  was  growing.  Toward  the  outer  margin  of  the  broken  area  the  crevasses 
gradually  died  out,  the  outennoal  OBaa  being  abort,  narrow  rents.  Ablation  was  proceed* 
ing  with  rapidity*  the  sofl  beneath  the  pbats  was  sliding  down  the  slopes  and  into  the 
rififSBiifa,  and  tlicy  wera  being  undermined  and  overturned.  It  waa  cndant  that  the 
alder  thickets  on  that  part  of  the  glat  icr  which  was  bioken  were  doomed  to  daatmction; 
but  whether  the  ice  would  be  still  further  broken  here,  or  whether  the  area  of  crevassing 
would  be  extended  farther  into  the  forest-covered  part  of  the  glacier  could  not  be  foretold. 

Not  less  remarkable  were  the  accompanying  changes  along  the  glacier  margin,  on  both 
the  east  and  the  west  sides.  At  Tenaee  Point,  on  the  western  aide,  the  ioe  was  crowding 
lip  on  the  land,  overading  the  graveb  and  pushing  them  up  in  bw  ridges.  Bdow  Ter- 
race Point  the  ice  had  podied  out  some  distance*  in  the  low  interiobate  araa  between  tiie 
Lucia  and  Atrevida  GUaders,  overriding  a  camp  site  occupied  in  1005,  and  forming  a  new 
lake  by  the  extension  of  an  ire  dam  across  the  marginal  drainage  of  tlie  two  glaciers. 
The  ice  was  also  noticeably  Uiickencd;  for  in  lUOo  the  Atrevida  had  about  the  same  ele- 
vation a.s  tlie  Lucia  where  the  two  coalesced,  the  boundary  between  the  two  l)eing  marked 
by  a  strip  of  alder;  but  in  1906  this  alder  was  destroyed  by  lateral  thrust  and  the  area 
of  erevassed  Atrevida  ice  was  much  hi^ier  than  the  ablation  moraine  of  the  adjoining 
stagnant  Lucia.  The  thidtenmg  amounted  to  fully  800  feet  near  the  boundary  between 
the  two  glaciers.  At  the  same  time  the  erevassed  Atrevnda  bulb  extended  acroas  the 
interlobate  section  into  the  area  of  tlie  Lucia,  and,  being  both  higher  and  mudi  erevassed, 
it  w^as  then  easy  to  trace  the  boundary  between  the  two  glaciers. 

A  notewortliy  feature  of  the  glacier  just  below  Terrace  Point,  and  thence  eastward 
three-quarters  of  the  distance  to  Amphitheatre  Knob,  was  a  roughly-crescentic  area  of 
white  ioe  bordered  on  both  the  iqHitream  and  down-atream  sides  and  onboUi  margins  by 


Digitized  by  Google 


LUCIA  AND  ATBEVIDA  GTACIEBS 


d<iiiii  covered  in.  The  mnUet  of  tiw  wliite  aiea  in»  cnnmmfd  tm  badly  m  tliat  ti 
ike  ■mnMnidfa^  dAnif-oovared  i^icier.  Hie  iqppeeniiee  of  Ude  eiee  of  idiite  ioe  (pp. 

78-9)  in  the  midst  of  moraine-covered  ice,  and  where  ddbris  had  previously  covered  the 
glacier,  was  a  puzzling  feature.   The  agnificance  of  this  feature  is  in  another 

ckapter  (p.  187),  after  other  simnar  areas  have  been  described. 

The  view  of  the  broken  glacier  from  Terrace  Point  (PI,  XIX,  A)  showed  clearly  tiiat  in 
1906  Atrevida  Cilacier  was  impassable  from  as  fur  up  the  mountain  valley  as  we  could 
■eedomtotbeouUrbocderoiftlieGMvaaiedaieetntlieelderaoiie.  Tlus  view,  over  * 
month  biter  then  the  one  from  Ai^ihitlieetie  Knob,  dioiredeoi^^ 
through  ablation,  but  otherwise  no  notable  difference  in  oonditkML  The  western  nuirgln 
of  the  glacier  near  Terrace  Point  consisted  of  a  high,  crevassed,  inaccessible  ice  precipice 
replacing  the  moderately -sloping,  moraine-covered  embankment,  up  and  down  which 
we  easily  traveled  in  1905.  By  cutting  ice  steps  all  the  way  this  margin  could  be 
ascended;  but  further  progress  was  barred  by  a  complex  network  of  profound  crevasses, 
wth  inlerveuing  ridges  and  pimwriei,  that  oonU  not  be  ooModivith  n  eemping  outfit* 
ft  wne  a  ipondefffnl  ooBbaat  to  the  eaa^y-twvened  ou^ 

Along  the  eastern  margin  titanic  dungOB,  quite  Hke  thoee  along  the  mar^  of 
advancing  Marvine  Glacier  were  in  progrees  before  our  very  eyes.  At  Esker  Stream  the 
ice  front  had  advanced  an  unknown  amount,  destroying  the  vegetation  on  the  slopes  of 
Amphitheatre  Knob.  Tlie  moderately  sloping  cliff  of  1890  and  1905  wa.s  changed  to  a 
jagged  precipice  of  broken  ice  blocks,  down  which  debris  was  incessantly  falling.  The 
ceTefromwiiifb  Bihar fltwamimnedhad  diiappeawd  thwm^  iee  tmliing  (PL  XXI,  A), 
and  the  atreem  hed  inoteaeed  in  vohime.  Hie  fanlted,  apiintaed  lee  diff  OKtended 
westward  with  overhanging  cornices  due  to  horizontal  thrust  fanUIng  (PI.  XVII,  B). 
In  the  one  place  where  the  cliff  could  be  ascended,  further  advance  waa  halted  by  deep 
crevasses  before  the  level  of  tlie  glacier  surface  was  reached.  The  morainic  soil,  with 
the  bushes  grov^iiig  u{)on  it  had  disapiK?ared  into  crevasses  or  had  slid  down  the  front 
of  the  glacier.  Moraine,  ice,  and  wood  were  constantly  sliding  down  from  the  glacier 
frank,  tte  svalandbeB  aometimea  inehiding  aooie  of  tons,  and  it  was  always  dangerona 
totheobeenrer.  this  material  the  coniferous  f oeeet  growing  in  front  of  Atiewdn 
^user  was  being  tilted,  buried,  and  destroyed,  including  aldnrs,  undeibnub,  and  tieea 
over  50  years  old  (PI.  XXII,  B).  The  breaking  also  Beeolted  in  exposing  to  molting  the 
buried  ice  that  had  long  been  protected  by  moraine  and  forest,  so  that  augmented 
streams  were  rapidly  cutting  into  the  soil,  gravels  and  rock.  All  this  change  had  taken 
place  between  August  23,  1005  and  June  26,  1906. 

CmdiUm  In  1909.  Eeowing  of  no  previous  obeervations  iqx>n  the  behnvior  of  glacieia 
mfagoing  abmpt  diange  from  long  continned  stagnation  to  great  activity,  and  htm 
obaoken  surface  to  impoasably  crevassed  condition,  we  could  not,  in  1006,  predict  with 
any  certainty  what  was  in  store  for  the  Atrevida  Glacier.  In  view  of  the  suddenness  of 
the  transformation,  and  the  rajiidity  with  which  its  full  cffo<  ts  suread  over  the  glacier, 
we  were  prepared  to  beUeve  that  the  cycle  of  activity  would  be  a  brief  one  if  the  cause 
of  earthquake  impulse  were  the  correct  explanation.  We  did  not,  however,  suspect 
^'hat  the  evidence  of  the  1909  obeervationa  deariy  demonstrate,  that  the  advance  had 
paned  ita  hqgbt  and  had  afanoat  ceased  irbea  the  Atrevida  Ghcier  was  being  studied 
■  the  sommer  of  1900.  The  probable  future  of  Atrevida  Glacier  predicted  in  1906  by 
the  snior  author  was  that  the  alder  and  forest  growth  within  the  crevassed  area  would 
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be  destroyed,  with  perhaps  a  larger  area  if  the  forward  thrust  reached  further.  It  leaned 
probable  that  the  latter  would  be  the  case,  for  the  breaking  observed  in  1906  suggested 
that  the  maximum  had  not  been  reached.  As  a  matter  of  fact  the  Atrevida  Glacier  had 
practically  ceased  its  forward  motion  in  August,  1906,  and  the  termination  of  its  advance, 
and  its  return  to  a  condition  of  stagnation,  liave  been  almost  as  spectacular  as  was  its 
tnuufonnalkiii  into  a  itate  of  aetiTity  belimm  Aiigiiet»  1905  and  June^  IINM. 

hk  lOM  m  feoocnpied  tiie  otes  from  uliich  tiie  obeervatioos  and  pliotogniilie  of  IMS 
and  1906  weie  made^  and  were,  therefore,  able  to  make  exact  comparisons  of  the  con- 
dition in  tha  eeveral  years  (Pis.  XX,  and  XXI,  A).  No  new  observations  of  Atrevida 
Glacier  were  made  during  the  two  weeks  spent  in  Yakutat  Bay  in  1910.  In  1909  it  was 
clear  that  the  glacier  had  advanced  but  little  since  lost  seen  in  August,  1906,  that  the 
wounds  from  the  spasmodic  advance  had  been  to  a  great  extent  healed  by  ablation,  that 
the  Racier  luui  again  rdapsed  into  a  state  of  stagnation,  and  that  it  was  now  onoe  more 
poeiible  to  travel  over  iti  sorf  ace.  In  1909  the  Atrevida  Glacier  wai  far  more  like  wiiat 
itiraeinl9O0tlianlnl9OO,biitit8eaifaeaimnindkioiig|Mrtliw  Thegienler 
part  of  the  glacier  was  covered  with  a  sheet  of  ablation  moraine  (PL  XIX,  B)  and  this 
extended  much  farther  up  the  valley  than  it  did  in  1905.  This  is  a  remarkable  fact, 
and  no  other  explanation  occurs  to  us  than  that  the  extension  of  moraine  cover  up  the 
gliicier  valley  is  due  to  the  downshaking  of  rock  fragments  from  the  steep  valley  walls 
during  the  1899  earthquakes,  thus  furnishing  an  unusually  great  supply  of  debris  that 
was  above  the  snowline  in  1905  but  had  been  bmnglit  down  into  the  sane  of  ablation 
by  the  rapid  advance  of  1906.  A  few  email  areas  of  dear  ice  appeared  in  the  waste  of 
moraine  that  cowed  the  Racier  above  Terrace  Point,  most  of  them  in  the  middle  el 
tiie  glacier,  where  one  would  naturally  expect  less  d6bris  from  avalanches.  This  upper 
Racier  surface  was  viewed  and  photographed  at  the  same  site  on  Terrace  Point,  in  both 
1906  and  1909  (PI.  XIX)  and  the  photographs  show  clearly  a  decided  lowering  of  the  ice 
surface  in  the  interval  of  three  years.  It  is  impossible  to  state  the  exact  amount,  but 
ft  cannot  be  less  than  50  feet  and  megr  be  even  more  than  100  feet  Uus  knraring  of 
tlie  ioe  may  not  an  be  the  veidt  of  abUtkm,  for  there  may  have  been  a  flattening 
the  forward  entp  of  the  lower  ice  of  the  glacier  after  the  spasmodic  advance  ceased. 

B^ween  Amphitheatre  Knob  and  Tenace  Point,  just  where  the  vallqr  l^bcier  poctioB 
may  be  said  to  end,  more  detailed  studies  were  made  than  elsewliere,  because  it  was  here 
that  Russell  crossed  in  1890,  and  the  junior  author  in  1905,  while  it  was  carefully  exam- 
ined from  both  the  east  and  west  sides  in  1906.  There  was,  therefore,  a  better  basb  for 
comparative  study  here  than  elsewhere.  In  1909,  therefore,  this  portion  was  examined 
and  pbotographed  from  Ampbitfaeatre  Xnob  and  from  Tenace  Point,  as  in  1906^  aiid  it 
was  crassed,  as  in  1905.  H^th  the  esoeption  of  a  nanow  medial  area,  in  wUcli  maD 
patdies  of  clear  ice  appeared,  the  entire  snrfaoe  was  cm  cred  with  a  sheet  of  fi^^atiflm 
moraine  as  it  was  in  1905;  but  the  surface  was  much  rougher  than  then,  the  morainic 
hillocks  being  lii<rher  and  the  intervening  pits  and  valleys  deeper.  No  sign  of  the 
crevassed  dome  observed  in  1905  was  visible  in  1909.  As  compared  with  1906  the 
surface  was  of  course  far  smoother,  and  when  viewed  from  either  side  no  crevasses  were 
vifliUet  and,  eicepting  in  tiie  area  mentioned,  ahnoet  no  ioe  could  be  seen.  Thia  omi- 
tnwts  strikingly  with  1906  when  the  gjacier  was  broken  by  a  maae  of  erevaawes,  and  more 
than  half  the  surface  was  clear  ioe;  and  the  contrast  is  brou^t  out  most  striking  by 
the  photographs  taken  from  the  same  site  on  Tenaoe  Point  in  the  two  years.  Intbeee 
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pliotographs,  abo,  a  dutinct  kmering  of  the  ice  surface  is  noticeable^  in  thlf  OMO  mmfy 
cf  mom  than  100  feet 

It  WM  fomad  ponibfe  to  walk  tndy  om  ^  dbhtioa  monine  thooi^  omag  to  iti 
greater  rou^mess,  with  much  more  difiBeahgr  tbMii  in  IMS.  Alder  wbm  no  kMiger  gioir- 

ing  on  this  part  of  the  glacier  but  there  was  n  thick  cover  of  ablation  nMUaine,  though 
with  many  bare,  debris-stained  slo{)e.s  and  otliers  with  only  a  thin  veneer  of  moraine. 
Melting  was  in  rapid  progress  and  small  streams  were  coursing  down  all  the  slopes,  but 
tfaan  wtn  no  large  moulins,  for  the  kse  drainage  had  evidently  not  yet  progressed  far 
eaon^  to  develop  thaee  m  Ihegr  wen  derdbped  in  1905.  Crevaneeweve  leea  in  many 
places  and  care  was  neoeseazy  leet  one  ehouU  step  into  those  hidden  from  view  by  the 
moraine.  Several  times  ancfa  a  CNvaese  was  unexpectedly  discovered  when  stapfingiiii 
what  seemed  to  be  solid,  moraine-covered  ice.  We  soon  learned  that  the  ridges  were  the 
places  to  be  avoided  and  that  tlie  depressions  offered  the  safest  routes,  for  few  and 
only  shallow  crevasses  were  found  in  the  valleys,  while  the  ridge  crests  were  almost 
mritnrmly  Iht  mtm  of  crevaaNa.  7^  explanation  of  this  fact  is  not  difficult.  After 
tt»  glacier  was  bvoken  by  the  advance^  the  inoniiw  alid  Into  tibe  iiew]y4oniied  creveMei, 
oadL  wImd  ablation  proeeaded  to  lower  the  ^ader  anifaoe^  tlioM  filled,  or  paitiany  fiUed, 
crevasses,  with  their  greater  depth  of  monine^  WWa  w  protected  that  they  were  preserved 
and  stood  above  the  level  of  the  inter-crevasse  areas.  Then  the  rtK-k  fragments  on 
and  in  these  elevated  crevasse  areas  slid  down  into  the  valleys,  and  doubtless  the 
next  stage  will  be  the  rising  of  the  hlled  valleys  and  the  lowering  of  the  emptied  crevasse 

In  adffitioa  to  the  lidgBB  due  to  crevaaeee  the  ablation  moraine  is  diversified  by  bands 
and  patches  of  rock  predominantly  of  a  sin^  kind,  audi,  for  ennqsle^  as  blade  dudo 

or  conglomeratic  rock,  and  in  these  areas  are  found  unusual  numbers  of  large  angular 

blocks.  They  did  not  seem  to  be  arranged  in  any  order  that  rould  I'e  correlated 
with  flowage  lines  and  may  possibly  be  interpreted  as  rock  falls  and  avalanches  trans- 
ported down  the  valley  and  spread  out  irregularly  by  the  movement  of  the  ice  and 
by  distnbatioii  through  sliding,  as  ablation  lowers  the  ioe  and  undermines  lidges  and  fiUa 

It  would  be  intereetiug  to  know  the  rate  at  which  ablation  has  been  proceeding  on  this 
ioe  surface.  Tliat  the  rate  must  have  been  rapid  is  indicated  by  the  evidence  furnished 
by  the  Atrevida  and  other  jjlaciers.  This  e\'iclence  is  of  several  kinds.  A  comparison 
of  photographs  from  the  same  point  show  a  general  lowering  of  the  surface  sufficient  to 
be  apparent  in  photographs.  It  is  possible,  as  already  stated,  that  some  of  this  lower- 
ing may  bednatofiowageafterthefirst  vigorous  advance,  but  much  of  it,  is  certainly  due 
to  abirtSon,  for  tbe  old  crevassing  and  the  noCioeable  proportion  of  dear  ioe  have  both 
been  In  large  part  destatoyed,  and  only  aUation  could  account  for  this.  Moreover,  the 
transf ormatum  of  crsvaaBes  to  ndgea  50tol00feethi^canbeei|ilainedonlyasaresult 
of  ablation. 

The  only  specific  knowledge  that  we  have  regarding  the  rate  of  ablatiop  in  tliis  climate 
are  the  measurements  made  on  Hayden  Glacier  in  1906  when  in  a  period  of  twelve  days, 
in  late  July  and  eaity  August,  it  was  found  that  the  surface  of  the  glader  was  lowered 
at  the  rate  of  4  Indies  a  day.  Tlus»  however,  was  on  a  smooth  ioe  surface^  and  at  a  nradi 
greater  elevation,  wfaora  the  tempeialuie  on  clear  days  descended  below  freezing  point 
em  before  the  son  set  Ibe  sniiaoe  of  CUUs  Glader  waa  hnraied  7  inches  a  day  in 
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Sviy,  1909.  Tbe  suifaoe  of  the  Baird  Glacier  of  southeastern  Alaska  was  lowered  an  indi 
a  day  by  ablation  in  1893.  Muir  Glacier  suifooe  melted  2  inches  a  day  in  1800  and  1892. 
On  the  broken  Atrevida,  much  nearer  the  sea,  and  at  a  lower  elevation,  the  rate  of  abla- 
tion must  have  been  greater  than  that  on  the  Hayden.  But  when  the  ice  surface  began 
again  to  be  sheeted  with  moraine  the  rate  of  ablation  must  have  notably  decreased.  With 
these  variable  factofs,  and  the  absence  of  exact  measurememts,  we  can  do  no  mote  than 
malw  the  geaenJ  statement  IhataMalion,  at  fiwtiapi^ 

greatly  lowered  the  suifaoe  of  the  Atrevida  Glacier  between  August,  1906  and  July,  1909 
as  to  partially  heal  the  crevasses  that  resulted  from  the  qpaamodic  advance  of  1906  ao 

that  it  was  possible  to  once  more  travel  over  its  surface. 

Specific  measurements  of  the  thic  kening  of  Atre\ada  Glacier  through  the  1906  advance, 
and  t}ie  suhsequent  thinning  through  abhition  before  1909  are  based  upon  a  pair  of  cross- 
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I  (me  in  1906  before  the  advnaoe 
had  oommenced,  the  other  in  1909.  The  1905  and  1909  devatkms  are  barometric  Theee 
are  shown  in  the  three  profiles  ol  Fig.  5.  The  slopes  and  elevations  of  the  1906  cross- 
section  are  hypothetical.  Each  cross-section  is  from  Esker  Stream  at  the  base  of  Amphi- 
theatre Knob  on  the  cii.st  side  of  Atrevida  Ghicier  to  Terrace  Point  on  the  west  side.  It 
will  be  seen  that  the  1909  cliff  at  Esker  Stream  is  125  feet  higher  than  that  of  1905.  As- 
suming ablation  here  <rf  50  to  100  feet  we  should  have  had  an  icecli£Fin  1906of  400to  450 
feet  The  thiRkening  would  therefore  be  175  to  9StS  feet  at  least  In  the  middle  of  the 
Racier  the  thidpening,  sunilarly  computed,  must  hav«  been  at  least  180  to  180  feet 
Tliese  comparisons,  though  in  part  based  upon  rou^  estimates,  deariy  indicate  great 
tliickening,  and  may  safely  be  considered  minimum  measurements,  since  the  amount 
of  ablation  is  unknown,  our  calculation  bcin*,'  based  upon  average  depth  of  crevaases,  tO 
or  near  the  bottoms  of  which  ablation  hu,s  now  reduced  the  glacier  surface. 

The  margin  of  Atrevida  Glacier  was  examined  both  at  and  near  Esker  Stream  and  at 
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Terrace  Point.  In  the  latter  place  the  glacier  margin  had  lost  its  precipitoas,  broken 
ice  cliflf  which  was  replaced  by  a  moderately-aloj^ing  embankment  of  moraine-covered 
ice,  steeper  than  in  190ff.  but  Meaaded  mify  at  piactieally  all  pointa.  The  maigiii 
alood  afanoat  csaeQy  wbtn  it  did  in  IWNI  luKving  aiclted  bade  odly  *  litUe^  kaving  « 
narrow  tnargina]  valbgr  vilii  na  vagetalioa  aHier  in  ita  bottom  or  lor  a  diort  diftanca 
iq>  the  side  of  the  teitaoe. 

Along  the  eastern  margin,  near  Esker  Stream,  the  jagged  cHfF  was  nlso  gone  and  one 
could  again  ascend  the  glacier  (PI.  XXIII,)  but  up  a  much  stee{)er  slope,  witli  thinner 
moraine  cover  than  in  1905.  The  broken  ice  clii!  above  Esker  Stream  (PI.  XXI,  B) 
WBs  healed  and  the  stream  <Mioe  mete  emerged  irom  a  wdUdefined  ioe  cave  (PL  XXH,  A) 
fhofogh  a  much  smaller  one  than  that  nhich  existed  previous  to  the  advance.  The 
atream  vohmie  waa  greater  tiuui  in  IMS  but  leaa  than  in  1006.  It  waa  dear  to  us, 
th^M^  the  evidenee  as  to  tlie  exact  amount  is  not  conclusive*  that  this  part  of  the  gla- 
cier continued  to  advance  for  a  short  distance  after  it  was  last  .seen  in  1!)U6.  This  is 
supported  by  photograph.s  in  the  two  years  .showing  the  trees  at  the  ice  margin  just 
west  of  the  stream,  where  the  ice  had  advanced  many  yards  into  the  forest. 

Sinee  the  advance  eeaaed  there  had  been  a  afi^t  recaedoo,  leaving  n  nairoir  banen 
none  DDe  that  at  TenraoePonit.  At  the  baae  of  Amphitheatre  Knob  there  waa  a  ooofnaed 
mass  of  broken  and  battered  alder  which  was  bomi>arded  by  falling  bowlders  and  ice 
blodu  daring  the  adfunoe;  and  in  the  debris  that  accumulated  at  the  base  of  the  icediff 
cluring  this  period,  were  incorporated  the  remnants  of  the  alder  thicket  that  grew  on 
the  glacier  margin  and  in  the  marginal  valley  into  which  the  ice  cliff  had  been  pushed. 
On  the  west  side  of  Esker  Stream,  overturned  and  inclined  spruce  trees  were  seen  in  the 
aorainic  dSbm  at  the  baae  of  llie  glacier  maigm  aa  they  were  in  1909;  but  iualead  of  a 
jagped  iee  diff  riaing  above  them  (PL  XXH,  B),  andoonatantlydiadiargingbowldera, 
iee  blodaib  e>Kl  torrents  of  muddy  water  and  mud  flows  into  the  forest,  there  was  a  mo- 
raine-covered embankment  down  which  small  rock  sUdes  fell  occasionally  (PI.  XXIV,  A). 
The  destruction  of  this  forest,  so  actively  in  progress  during  the  summer  of  1906,  had 
ceased;  but  the  effect  of  the  advance  on  the  frijiging  forest  and  on  the  alder  thicket  grow- 
ing on  the  ice  was  strikingly  apparent.  There  were  hundreds  of  dead  and  d^  iug  spruce 
tieea  fringing  the  iee  and  partly  buried  in  the  morainic  dd>ri^  and  there  were  thftmanda 
«f  dead  aider  bodieB*  often  in  windrowa,  <m  the  ioe  aurfaoe. 

In  the  piedmont  ioe  bulb  that  spreads  out  beyond  the  mountain  base  was  seen  evidence 
cf  the  same  changes  as  have  already  been  described  for  other  parts  of  the  area.  It  is 
clearly  evident  that  the  advance  had  about  cea.sed  when  observed  in  lOOf?  and  that  the 
outer  border  of  the  glacier  was  uiiafFected  by  the  advance.  It,  therefore,  still  retained 
its  forest  of  alder,  cottonwood,  spruce,  and  hemlock.  In  the  broken  area  the  crescentic 
rings  of  breakage  were  atill  phdnly  viable  but  ioe  no  kmger  appeared  in  them  and  no 
•cvevaaaee  were  seen.  AUatkm  had  ao  healed  the  scars  that*  viewed  l^om  a  distance,  the 
mtive  BUrface  was  a  waste  of  ablation  moraine;  but  there  was  a  system  of  concentric 
crescents  of  ridges  and  valleys  developed  by  ablation  in  the  formerly  broken  area.  The 
extent  to  which  ablation  hud  proceeded  here  since  190G  was  ^-iv^dly  brought  out  by  the 
destruction  of  the  alder  thi<  k(  ts.  In  1906  the  alder  still  grew  on  the  inter-creva.sse  areas, 
and  the  crevasses  formed  crescentic  white  gashes  in  a  held  of  green.  Now  the  alder 
waa  an  dead  witliin  the  brdken  area  and  it  lay  in  brown  windrowa  piled  up  on  the 
HiowOTWXflivered  ice. 
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Thus,  prooeediog  down  the  Racier  suifaoe,  mut  lees,  first,  banon  ablation  moiaine 
with  no  Ti^getation,  then  ablation  ukoraineiritheMsoentie  ridges  and  Yifla;^ 
dead  *lder,  and  finally  ablation  monine  eoveved  with  dense  alder  thidnAa  undisturbed 
bgr  tihe  advance.  No  evidence  as  to  the  extent  of  lowering  of  this  part  of  the  glacier 
was  seen,  but  the  photographs  show  clearly  that  the  western  portion  of  the  piedmont 
bulb,  as  ()l)sor^•e(^  from  Terrace  Point,  liad  been  greatly  lowered,  and  that  a  series  of 
crescentic  ridges  and  valleys  had  developed  in  tlie  moraine-covered  outer  portion.  The 
amount  of  lowering  here  is  comparable  to  that  observed  elsewhere.  The  crescentic 
bfcaldn^  and  tiie  ridges  and  TaHegrs  wlileh  have  succeeded  it,  present  the  appeaianoe 
cf  yisoous  fiowage  of  an  underiying  ice  stream,  canying  with  it  and  breaking  up  n  ngtA 
upper  crust  of  ice. 

One  of  the  most  notable  features  on  the  Atrevida  Claeier,  as  seen  in  1909,  was  a  large, 
roughly-crescentic  area  of  clean  white  ice,  with  only  a  few  short  ridges  of  debris  upon  it, 
just  outside  the  mountain  front  (PI.  XX\',  B).  Upstream  from  it  lies  tlie  valley  portion 
of  the  glacier  which  is  almost  completely  covered  with  debris;  and  downstream  from  it 
lies  the  area  of  crescentic  crevassing  of  the  piedmont  bulb,  already  described,  lliis 
dear  ice  area  extended  westward  neariy  to  Terrace  Point,  broadening  in  thatdirection 
and  occupying  a  part  of  the  bulb  whidi  protrudes  toward  Luda  Glader— the  part  of  the 
Atrevida  in  which  there  was  the  greatest  thickening  and  forward  movement.  In  IQOS 
the  site  of  this  area  of  clear  ice  was  occupied  by  moraine-covered  ice,  but  in  1906, 
(Pis.  XX\^,  XXVII)  as  already  mentioned,  it  appeared  in  the  broken  glacier  surface  as 
an  area  of  somewhat-domed,  clear  ice  (PL  XXV,  A)  surrounded  by  broken,  partially- 
dAris-oovered  ice.  On  its  inner,  <»  up-stream,  side  the  glacier  surface  rose  alwuptl^'  in 
1900,  as  «  higb  wall  coveted  withmonune,  and  above  this  the  ^bwier  was  afanost  com- 
pletdy  cofveced  with  ablation  moraine.  The  dear  area  was  fully  a  mile  and  a  half  long 
(from  east  to  west)  and  half  or  three  quarters  of  a  mile  wide  in  the  middle,  ^riiidi  is  the 
widest  part,  narrowing  toward  botli  the  east  and  the  west.  It  had  spread  somewhat  in 
the  interval  between  our  photograj^Ii  of  190G  and  Uie  period  of  observation  in  1909. 
In  1909  moraine-covered  ice  rose  above  the  clear  area  on  the  down-stream  side  and  on 
both  ends  as  well  as  on  the  up-stream  side,  but  the  change  was  less  abrupt  and  pro- 
nounced in  lliese  dixectioos  than  up-stream.  The  dear  ice  area  fanned  a  distinct 
ptwrioB  in  the  leader  surface.  Down-stream  the  dear  ice  area  gradnaUy  died  out, 
bands  of  dA^ris  appearing  in  it.  The  fact  that  this  area  was  lower  than  the  surrounding 
d6bris-covered  ice  is  probably  the  result  of  more  extensive  ablation  in  the  clear  part  of  the 
Racier;  and  that  tliere  had  been  much  ablation  here  is  further  proved  l)y  the  fact  that 
most  of  the  crevassing,  by  which  tlie  area  was  severely  broken  in  1000,  had  disappearetl. 
Many  shallow  crevasses,  broadened  by  melting,  still  remained,  but  they  were  only  the 
remnants  of  the  former  ektensive  gashes,— the  crevasse  bottoms.  Hie  surface  was 
quite  rouc^,  but  travd  over  it  was  not  diffiedt,  only  diort  detours  being  necessary 
to  avoid  the  crevasses  (PI.  XXTV,  B).  Although  not  directly  on  the  route  it  was 
diosm  as  the  easiest  path  from  Amphitheatre  Knob  to  Terrace  Point. 

In  seeking  the  exphmation  for  sucli  a  peculiar  area  of  clear  white  ice  in  the  midst  of  a 
waste  of  ablation  moraine  we  are  aided  by  four  noteworthy  facts:  (1)  it  ha-s  appeared  as  a 
result  of  the  1900  advance;  (ij  morainic  debris  that  covered  the  ice  on  this  site  in  1905 
had  disappeared,  for  practical^  none  remained  evoi  in  the  crevasse  bottoms;  (3)  the 
dear  ice  area  was  distinetljr  domed  in  1006;  (4)  some,  at  least,  of  the  layers  of  ice  in  the 
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white  area  are  highly  inclined  and  in  some  cases  vertical.  a\11  these  facts  harmonize  with 
the  hypothesis  that  at  thLs  point  there  was  an  upwelling  in  the  glacier,  bringing  clear  ice 
to  the  surface  and  pushing  aside  the  debris-covered  ice  that  previously  stood  here.  We 
aiwoi  able  to  pottnlete  any  otfaer  liypotfaMii  whidi  irill  coqplaiii  tbcte  notable  facta. 
Tie  iiiuifai  wliif  h  we  conwiye  ia,  fiirt,  thefairiy-free  flowmge  cl  tbe  ice  dawn  themoqatain 
vsHqt.  Beyond  the  mountaois  further  flowage  was  resisted  bj  the  itagnant,  expanded 
bulb,  which,  being  thin,  was  too  rigid  to  easily  yield  to  the  pressure  upon  it.  It  yielded 
aomew  hat,  however,  and  a  series  of  crescentic  gashes  were  opened  in  the  piedmont  area, 
but  the  resistance  was  so  great  that  relief  for  the  pressure  from  above  was  found  in  three 
other  ways:  (1)  by  an  advance  westward  toward  the  most  open  area,  {i)  by  a  pronounced 
ftiribming  and  denning  of  this  part  oltlie  Racier,  and  (3)  by  the  uprising  of  ioe  fEOm  below. 

The  futme  of  tiiia  aiea  of  dear  ioe  eeems  to  praimee  the  developnient  ol  an  hiterior 
flit— g  nearly  moraine-free  depresdon  in  the  midst  «rf  ablalioil  moraine  such  as  is  ob- 
terved  in  the  Vaiiegvtod,  Galiano,  and  other  glaciers.  The  canae  lot  these  interior  flata 
has  hitherto  been  a  mystery  to  us,  but  this  hypothesis  offers  an  explanation.  Further 
consideration  of  this  subject  v^nll  he  deferred  to  a  later  chapter  after  the  characteristics  of 
other,  older,  and  better-developed  interior  flats  have  been  studied.  If  this  hyfwtliesis 
is  correct  the  phenomenon  of  interior  flats  must  have  an  important  bearing  on  the  ques- 
tiooof  tbeniodeQf  molaoaof  glacien.  Maaj  facts  obaerved  in  thiaiegioa  of  advancing 
gliMwpoiiiitoyiseonaiiotifigeaitiiemodoof  motioPthntti^  this  sulqecl 

dniiill  be  defornd  imlfl  oll«  facts  of  obesrvalicm  linve  been  stated. 
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THE  GALIANO  AND  BLACK  GLACIERS 
Gaiiamo  Glacodb 

General  Deterijition.  Although  small,  this  is  one  of  the  most  interating  ^aciera  ol 
tlM  Yakutat  Bay  region.  It  haa  been  known  nnoe  1890  when  Rnaiell  named  and  de- 
ecnObed  it,  and*  ahhough  it  has  undngone  some  remarkable  changes  in  the  intarval,  its 
general  features  are  now  much  as  in  1890  (Map  8,  in  pocket). 

like  many  other  neighboring  glaciers,  the  Galiano  coasists  of  two  quite  diflferent  paite, 
a  valley  glac-ier  portion  and  an  expanded  piedmont  bulb  beyond  the  mountain  front; 
but  to  one  unfamiliar  witii  the  phenomena  of  ablation  moraines  neither  the  bulb  nor  the 
valley  portion  looks  like  a  glacier,  for  in  all  but  a  few  places  the  ice  is  obscured  from  view 
fay  thick  moraine*  bearing  alder  <m  the  outer  portion.  The  vall^  wliich  the  Galiaiio 
Glader  occupies  is  broad,  deep,  and  drqpie-like  witli  steeply-riring  walla,  and  is  enclosed 
in  moontaina  whidi  rise  to  elevations  of  5000  to  6000  feet  and  bear  a  heavy  cover  of 
snow.  Prom  these  snowfields  several  cascading  glaciers  descend  (Pi.  XXVIII),  especially 
at  the  very  head  of  the  valley,  supplying  the  ice  for  tlic  glacier  and  a  large  part  of  the 
morainic  debris  which  co&is  its  surface;  but  some  of  Uiis  is  also  supplied  by  avalanches 
from  the  bare  rock  slopes  which  have  hem  steepened  by  glacial  erosion.  The  sound 
of  felling  stones  isheard  every  few  minutes  wlien  one  is  in  this  valley. 

The  ^""^ding  tribittaries  are  a  mile  to  a  mile  and  a  half  long.  The  valky  portion 
of  the  glacier  is  about  three  miles  and  the  piedmont  bulb  is  three  quarters  of  a  mile  long, 
and  a  mile  wide.  The  breadth  of  the  glacier  at  the  entrance  to  the  mountain  valley 
is  three  quarters  of  a  mile  while  in  the  mountain  valley  the  width  is  only  a  little  over  a 
quarter  mile.  With  the  steeply-rising  snow-capped  sides  and  head  and  the  broad  lower 
part,  one  is  greatly  deceived  in  the  length  of  the  vaUey  when  seen  from  a  distance. 
It  does  not  appear  to  be  more  tiban  a  mile  or  two  loog.  The  glacier  has  a  slope 
from  the  mootli  of  the  valley  to  its  head  cf  between  10  and  15  d^rees.  At  no  time 
when  observed  has  this  glacier  been  much  crevassed,  though  in  1905  crevasiing  was 
observed  near  the  valley  head;  and  where  the  tributaries  entered  there  were  also  areas 
of  decided  crevassing.  Below  its  crevassed  uppermost  jKirtion  the  (laliano  Glacier 
has  the  ai)[>earance  of  stagnation,  an  appearance  which  finds  ready  explanation  in  the 
small  size  of  the  contributing  glaciers.  Indeed,  it  seems  quite  remarkable  that  such  a 
Kmited  ice  supply  could  maintain  a  glacier  of  such  length  and  breadth  with  its  lower 
end  nearly  at  sealevdl;  and  it  is  very  doubtful  if  they  could  do  so  were  it  not  for  the  fact 
that  the  wasting  of  a  large  part  ol  the  glader  is  greatly  retarded  by  the  moraine  coier 
which  it  bears. 

Just  within  the  mountain  valley,  on  either  margin  of  the  glacier,  there  is  a  marginal 
valley  with  moraine-covered  ice  for  one  wall  and  the  mountain  rock  for  the  other.  In 
each  of  these  valleys  is  a  marginal  stream,  that  on  the  west  aide  being  much  the  larger 
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Plate  XVII 


A.    Looking  up  Lucia  Guvcieh  fuom  Crest  of  Lucia  NtrxATAK 

Moraine-covered  ice  in  foreground.    Mount  Cook  in  bockf^und.    Pliotograpii  from  Station  D 

(Map  2),  August  ii,  1905. 


B.    Eastern  Margin  or  .\trevida  Gl.\cier 
Advancing  into  alder  Uiicket  at  western  base  of  Amphitheatre  Knoh.    Photograph.  1906. 
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LvciA  Gu\riER  IN  1909  nioM  TEitR.\tK  Point 
It  was  cremssw!  ami  mo\nng  rapidly.    In  18SM).  19(>o,  ami  190<5  il  was  slnpianf  and  without  crpvasscs. 
The  nunatak  in  the  bai'kground  was  Ix-ing  ovcrricMen.    Photograph,  July,  1909,  from  Station  B  (  Map  i). 
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A.  The  Crevabsed  Surface  of  Atrevida  Guaciek 
From  Sution  C  (Map  2),  Terrace  Point.  Aupist.  1906 


B.    AxREnoA  GL.\aER 

From  same  station  as  upper  view,  July,  1009.    Again  niantled  with  ablation  moraine  (as  in  1005)  and  cre>'aanng 

largely'  healed;  but  surface  both  higher  and  rougher  than  in  1905. 
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A.    LowEK  Atrevida  Glacier  (Al'guht,  1009) 
From  same  aite  as  Plate  XX.    In  the  intpr\'al  the  creva-ssing  has  been  healed  and  the  mantle  of  ablation  moraine 
has  agaia  covered  the  surface,  so  that,  tliough  i>oth  higher  and  rougher,  the  condition  approaches  that  of  1905. 


P.    EsKcn  Stream,  Point  of  Kmergence,  June,  190Q 
Elustem  margin  of  .Vtreviria  Glacier. 
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Plate  XXII 


A.    TrxxKi,  vnnxi  \micn  Ehker  Stream  Emerged  rx  1909 
The  cKvassang  of  1906  is  healed  (see  Plate  XXI,  B)  and  the  tunnel  resembles  that  of  tlie  earlier  years. 


B.     M.VROIN  OF  AtHEVIDA  GuACIER,  WeuT  ok  EsKER  SfTREAM 

Jagged  ice  cliff  on  right  where,  in  1905,  it  was  easy  to  ascend,  over  moraine  waste,  up  a  in<id- 
erate  slope.  From  this  cliff  bKx-ks  of  iw  and  Iwwhlers  were  citnslantly  falling  while  the  photograph 
was  lK>ing  taken.  Note  the  trees  Ix'ing  buried  in  the  niorainic  debris  and  overturned  by  the  ice 
above.    Photograph  Uken  July  10,  1906. 
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Plate  XXV 
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AtREVIDA  Gu\C1ER  from  AMPniTHEATRE  KnOK 

The  crevassed  bu]b  of  AlreNnda  GUcitrr  vnlh  Floral  Hills  in  iMu-kgroiind.    Morainic  wa^te  of  Lucia  Glacier  between  Atre\'ii 
Glacier  and  Ihe  Flora!  Hills.    Photograph  from  SUlion  A  (Map  i),  on  June  «>,  1906.    See  PUte  XXVII. 
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Plate  XXVII 


For  description,  se«  Plate  XX\1.   The  two  pictures  form  a  continuous  panorama. 
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Plate  XXX 


A.    MoBAiNic  Hills  neab  Gauano  GuAacR 


B.   Torn  and  Broken  Stumps  op  Matttre  Alder 

On  the  face  of  Qaliano  Glacier  bulb,  where  they  were  growing  at  least  as  late  as  1890, 

but  were  destr<»yeci  In-fore  1905. 
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A.     VK<iKTATIOX  ON  PlRDMOVT  RULD  OF  GaUANO  (iMriKK  tX  1909 


B.   Marginal  Stkkam  o>'  Gauano  Glacirr  is  1909 
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ii  1909.  Well  within  the  mountain  vaUey  the  margindl  raSey  disappears,  the  glaeiv 
merging  into  tahu  from  the  mountain,  and  still  hi^ier  into  now  fans  where  snow  has 
artlanphfid  down  the  moimtain  sidfs  in  such  inwBBOi  that  summer  melting  at  that  elevation 

is  incapable  of  removing  it.   The  marginal  valleys  and  the  mai^nal  stnams  pieaent  Mmie 

interesting  features  which  are  described  in  later  pages. 

Bej'ond  the  mountaias  the  Galiano  Glacier  expuntls  into  a  i)iedmont  bulb  more  than 
double  the  wdth  of  the  valley  glacier.  It  does  not  expand  westward  to  a  great  extent, 
chiefly  because  the  moimtain  wall  extends  farther  out  in  that  direction,  but  partly  be- 
eane  it  is  **i—«>*«f  on  that  side  by  the  large  glacial  stream  that  flows  down  the  western 
margiiMl  vaUey  and  then  turns  eastward  to  enter  Yakutat  Bay.  This  expanded  bulb  is 
completely  covered  with  ablation  moraine,  and  m  the  outer  portion  ice  can  be  seen  in 
only  a  few  small  patches;  in  fact  in  the  extreme  eastern  part  we  were  unable  to  find  any 
ice,  though  its  presence  was  confidently  inferred  from  the  height  of  the  moraine,  its  ir- 
regular surface,  and  the  great  amount  of  cold  water  that  emerges  from  it.  The  margin 
of  the  ice  bulb  is  an  irregular,  huuunocky  embankment  whose  base  is  essentially  at  sea 
level,  tmd  y^hom  eastern  end  Bes  just  back  of  the  beach.  The  surface  of  the  loe  Indb 
iiaaMwaolhimimnritaaaddBpreiBoniinththoroni^i^ 

ef  ablation  moraines  on  expanded  piodnioiit  bulbs.  That  this  glacier  had  the  same  gen- 
eral condition  in  1890  as  in  1909  is  proved  both  by  Russeirs  photographs  and  by  his 
description.  He  says  "D6bris-covered  ice  streams,  too  small  to  reach  tlie  water,  are 
typical  of  a  large  class  of  glaciers  in  southern  Alaska,  which  are  slowly  wasting  away  and 
have  become  buried  beneath  debris  concentrated  at  the  surface  by  reason  of  their  own 
Belting.   The  Galiaoo  Glacier  is  a  good  example  of  this  dass.** 

Along  tkeaootfaem  base  ol  the  ^acfar  bulb  an  alhivial  fan  is  being  built  iq>  by  the  stream 
from  the  wcilwn  sMigin  id  the  GaKaao  and  to  a  lesser  degree  by  small  streams  thai 
iMW  from  the  Racier  front.  Beyond  this,  during  the  period  of  our  obaervation,  wna  a 
scries  of  low  morainic  hummocks  between  which  flow  the  distributaries  of  Esker  Stream 
from  the  Atre\ada  Glacier.  There  is  good  reason  for  believing  that  ice  still  exists  beneath 
this  entire  area  and  that,  in  reality,  what  seems  to  be  tlie  terminus  of  tlie  Galiano  Glacier 
bulb,  as  described  above,  is  only  the  margin  of  a  part  of  the  glacier  which  remains  higher 
thin  the  rat  beeame  of  n  more  fooent  supply  of  ioe  and  of  its  proteetioii  ftom  ablation 
lylhenMcaiiiiecom.  The  Jepmesed  area  of  the  pftedmont  bulb  bqrond  the  apparent 
front  of  tlM  ^adar  is  interpreted,  in  part  at  least,  as  an  interior  flat,  lowered  by  melting 
until  it  became  the  seat  of  alluvial  fan  deposit;  but  the  area  beyond  tliis  portion,  which 
cfinsists  of  morainic  hummocks,  probably  represents  the  moraine-covered  outermost 
[Rtrtion  of  the  piedmont  bulb.  The  Galiano  Glacier  is  helicved  to  expand  beyond  the 
mountain  front  into  a  bulb  with  luan^'  times  the  area  of  tliat  which  is  now  visible,  and 
to  nadk  five  mileB  or  more  bom  the  mountain  base^  attaining  a  widUi  of  two  or  three 
■Oes  in  its  broadest  portion.  Tliat  the  bidb  is  not  wider  is  doe  to  the  iaet  lluit  it  fbima 
the  shore  of  tins  part  of  Yakutat  Bay,  and  has,  therefore,  been  cut  off  on  the  eastern  side. 

Hiis  interpretatioa  of  ooaditions  in  front  of  the  visible  piedmont  bulb  of  the  flalmiy^ 
Glacier  is  based  upon  a  number  of  facts,  the  most  significant  of  which  are  a  series  of 
notable  changes  in  condition  between  1890  and  1005,  and  between  1I>().>  and  1909.  These 
changes  affected  both  the  visible  piedmont  area  and  the  region  to  the  south  of  iL  Their 
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natme  and  significanoe  can  best  be  stated  by  showing  the  oonditiMft  qf  tiie  area  in  the 
Mfvenl  periods  of  obaemition,  namely  in  1880  and  1881  by  BobmII,  in  1805  and  1808  by 
the  U.  S.  GeoiogicBl  Survey  parties,  and  in  1888  and  1810  by  tiie  National  Geographic 

Society  expedition. 

Conditions  in  1R90-1S91.  In  his  expedition  of  1890  Professor  Russell  landed  on  the 
west  side  of  Yakutat  Bay  near  Galiano  Glacier,  and  he  has  given  us  both  a  description 
of  it  and  several  photographs  in  18*J0  and  1891  from  which  we  can  determine  its  j)rinci- 
pal  characteristics.  He  states/  for  example,  that  "a  little  way  back  from  tlic  shore 
dnmpa  of  aldsn»  interqiened  witih  spmoe  trees,  marioed  the  beginning  of  the  loteit 
iriiich  covered  UiehillB  toward  the  irest  and  southwest.''  Near  this  rose  a  densely  woodsd 
hill  **about  800  feet  hi^,  with  a  curv  ing  outline,  convex  southward,"  whidi  lay  "at 
the  mouth  of  a  steep  gorge  in  the  hills,"  plainly  referring  to  the  Galiano  valley.  Attracted 
by  tlie  peculiar  appearance  of  the  hill  he  forced  his  way  "through  the  dense  thickets" 
to  its  top  where  he  "found  a  large  k('ttlc-sha{)cd  depression,  the  sides  of  which  were  solid 
walls  of  ice  50  feet  high."  CouUnuing  toward  the  "steep  gorge  in  the  hills"  he  forced 
his  "way  for  nearly  *  mile  tfaroui^  dense  thidEets"  bsfora  teaddng  the  "broad  open 
fields  of  rode  and  dirt"  whidi  "conqiletdy  conceal  the  ice  and  form  a  barren,  nigged 
surface,  the  picture  of  desolation.'* 

This  description  does  not  fit  any  conditions  existing  in  this  vicinity  in  1905  or  later 
years,  and  we  might  suspect  that  some  other  region  was  referred  to  were  it  not  for  the 
fact  that  Russell's  photograj)hs  show  clearly  that  the  outer  Galiano  Glacier  at  that  time 
was  covered  with  vegetation.  In  his  photographs  the  entire  visible  bulb  beyond  the 
mountains  is  darkened  by  vegetation  (Ft  XXIX).  From  these  photographs  it  is 
evident  that  the  oonthmoiis  vegetation  cstended  weU  within  the  mountain  vnlley,  and 
on  the  Inaer  side  became  thinner,  and  was  then  succeeded  by  isolated  patches,  and 
finally  by  the  moraine  desert.  This  vegetation  on  Galiano  CUader  bufi>  is  shown  in  a 
Boundary  Survey  photograph  in  1895,  also  proving  that  the  vegetation  was  present  four 
years  before  the  1890  earthquakes.  The  same  photograph  shows  vegetation  out  be- 
yond the  present  bulb  of  Galiano  Glacier  where  now  there  is  only  a  barren  alluvial  fan. 

Russell's  photographs  also  show  an  even-surfaced  alluvial  fan  continuous  in  1890  and 
1881  from  the  visible  marpn  of  the  piedmont  bulb  southward  for  two  mSes  or  more. 
Over  this  fan  the  waters  of  Esker  Stream  and  the  stream  from  the  western  margin 
of  Galiano  Glacier  flowed  in  many  distributaries.  Hie  surface  of  the  fan  was  diversified 
only  by  the  stream  channels  and  was  so  smooth  that  the  streams  were  evidently  shifting 
constantly,  for  no  vegetation,  not  even  annual  plants,  grew  over  most  of  the  surface. 
It  was  such  a  perfect  alluvial  fan  tliat  one  would  never  suspect  that  it  was  built  on  ghirier 
ice.  Two  small,  low  patches  of  alder  and  two  low,  narrow,  alder-covered  ridges  rose 
above  a  portion  of  the  aUuvial  fan  near  the  sea,  proving  that  these  seeti^ 
to  be  alxnre  the  readi  of  the  (diifting  stresms;  but  there  is  no  indication  as  t^ 
Probably,  however,  they  r^resent  moraine  knolls  and  ridges  not  yet  consumed  or  buried 
by  the  fan-building  streams.  One  of  Russdl's  photographs  was  taken  from  a  gravel  knoll 
which  remained  in  1905  and  1 WS).  It  is  an  overridden  gravel  remnant,  hearing  bowlders 
and  till  on  its  surface,  showing  tliat  after  its  formation  it  was  covered  l)y  glacier  ice. 

Conditions  in  1905.  When  we  visited  this  region  in  1905  it  required  only  a  glance  to 
see  that  there  had  been  important  changes  in  the  interval  of  15  years  since  Russell's 

1  £uneU,  I.  C«  Aa  Ezpeditioa  to  Mount  St.  Eliaa.  Alaska,  NaL  Geog.  Mag..  Vol.  IH.  1881,  pp.  86-88. 
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observations,  and  in  the  ten  years  since  the  Boundary-  Survey  photograph  was  makle. 
Accordingly,  although  the  full  significance  of  the  changes  were  not  tiien  clear  to  us,  we 
made  comparative  observatkma  and  photographs  from  BusseU's  sites  and  studied  the 
jtaiBt  and  vidiiHy  with  his  dsscriptioM  before  m.  There  were  tiro  noteworthy  changes, 
one  m  the  glacier  itsdf,  the  other  in  the  afluvial  fan  just  described. 

On  the  glacier  the  alder  and  forest  cover  was  entirely  destroyed,  and  our  1905  photo- 
graphs show  barren  ablation  moraine  from  far  up  the  mountain  valley  clear  down  to  the 
visible  front  of  the  piedmont  bulb.  Even  on  tlie  most  stagnant  eastern  portion  the  forest 
was  gone,  and  here  were  found  quantities  of  dead  wood,  including  mature  tree  trunks. 
In  other  places  mature  alder  littered  the  surface  of  the  piedmont  bulb  or  was  mixed  with 
Hie  moraiiiBC  dCbrie.  and  in  two  plaoeo  the  dead  tmnks  were  seen  in  oonsideniile  nimi^ 
bcn^  vagni^t  and  in  place.  Near  the  oentre  d  the  glacier*  00  feet  above  sea  level,  we 
foond  twenty  or  mote  anall  trees,  the  oldest  with  9,5  annual  rings  (Fi  XXX,  B). 
They  increased  in  size  upward,  as  if  standing  upside  down,  but  had  downward-pointing 
roots  for  the  lower  visible  3  or  4  feet.  These  roots  extended  from  shaggj*  bark,  j)roving 
that  the  upward-expanding  tree  remnants  were  not  tap  roots,  and  indicating  that  the 
kst  months  of  life  of  these  trees  involved  such  advene  dicumstanoes  of  sml  encroach- 
ment  that  roots  were  sent  out  at  higher  and  hi^ier  levds  as  the  lower  portions  were 
buried.  A  yard  or  less  above  the  highest  roots  the  trees  were  torn  off  and  the  frayed 
splinters  were  bent  dofwn. 

The  alluvial  fan  was  as  completely  altered  as  the  forest  on  the  glacier.  Not  only 
could  it  no  longer  be  seen  from  the  sites  of  Russell's  pictures,  which  we  carefully  located, 
but  there  was  no  such  perfect  fan  anywhere  between  the  Galiano  Glacier  and  the  Kwik 
Biver.  In.  its  place  was  a  series  of  low,  iindulating  moraine  hills  (PL  XXX,  A),  some 
of  ^en  sAvewn  with  angdar  b<mlden,  aooh  as  charaeftcriie  aUataon  niondne»  between 
lAidi  flofwed  the  muddy  branches  of  Esker  and  Galiano  streams.  These  streams  were 
building  up  the  depressions  in  the  moraine  and  here  and  then  wne  trimming  the  edges 
of  the  knolls.  Besides  the  muddy  glacial  streams  there  were  innumerable  cold,  clear- 
water  streams  emerging  from  the  moraine,  and  small  pools  of  clear,  cold  water  in 
the  depressions.  There  was  a  roughly  concentric  arrangement  of  the  morainic  hills 
vi&  tile  ooocave  side  toward  tiie  Galiano  Qeder.  These  nxmunie  hillocks  extended 
down  to  the  shore  of  YaknUt  Bay  (PL  XXXI);  and  that  they  also  extended  out 
nder  its  waten  was  indicated  by  the  pronouKsed  diallowness  of  the  wiater  off  diore 
abng  this  coes^  wliidi  caused  iodiergs  to  be  stranded  in  far  larger  numbers,  and  to  a 
greater  distance  out  from  the  coast  than  is  common  along  the  shores  of  the  bay.  The 
moraine  hillocks  were  found  not  only  in  the  area  of  tlie  former  alluvial  fan,  but  extended 
even  to  a  distance  of  two  or  tliree  miles  to  the  south  of  Russell's  photographic  site.  In 
ftis  Ottter  portion  we  hvfe  no  photographic  proof  of  the  condition  in  1890,  but  the  close 
resemblance  of  the  low,  barren,  conical  hills,  ridges  and  groiqw  of  morainic  hills  in  this 
area  to  those  already  described  leads  US  to  dass  them  together  as  to  cause.  This  con- 
dnsion  is  further  fli9perted  by  the  presence  here  of  great  numben  of  tree  tnmks  whidi 
fittered  tlie  SOllace.  Some  of  these,  especially  in  the  depressions  near  the  coast,  were 
doubtless  brought  and  perhaps  destroyed  by  the  earthquake  water  wa\  e  wliicli  swept 
this  coast  in  September,  1899;  but  otliers,  resting  above  the  line  of  driftwood  tliat  this 
wave  brou^t,  and  even  embedded  in  the  moraine  of  the  hillocks,  cannot  have  been 
ImaifiA  bj  the  eerthqnake  wave. 
We  leel  confident,  tbereforeb  that  some  great  change  had  occurred  here  iriudi  had  de- 
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stroyed  the  existing  forest  and  roughened  the  surface  by  the  introduction  of  moraioic 
knaUs  aiiioe  1890»  and  that  this  change  had  operated  not  only  on  the  visible  piedmont 
bulb  of  Galiano  Glacier,  but  abo  ior  a  distanoe  of  four  or  ftn  mileB  nvth  of  ^riieie  keii 
now  TifltUe. 

From  our  study  of  the  photographs  of  1800  in  ffompariwom  with  the  conditions  in  1905 
and  later  years  we  believe  that  there  has  been  an  advance  of  the  visible  front  of  the 
piedmont  bulb  of  Galiano  Glacier,  and  a  recession  of  the  coast  line  immediately  to  the 
southeast  of  it;  but  the  photographs  were  not  taken  from  the  right  points  of  view  to  make 
it  possible  to  state  this  as  a  positive  fact. 

While  there  had  been  sncfa  widespread  and  complete  destnietioa  of  alder  and  other 
growth  of  vegetation  over  a  wide  area,  it  is  a  notewarlhy  faet  that  ^  T^etatioa  had 
again  begun  to  grow  on  this  area  in  190i5.  On  the  visible  piedmont  bulb  were  many  indi- 
viduals and  some  clusters  of  young  alder,  five  or  six  years  old,  while  similar  growth,  with 
an  abundance  of  annual  and  perennial  plants,  had  taken  possession  of  favoral)le  portions 
of  the  moraine  hillocks  that  have  replaced  the  alluvial  fan.  If  additional  proof  were 
necessary  of  the  recency  of  the  appearance  of  this  morainic  surface  the  condition  of  the 
vi^etation  would  fuxnidi  it.  In  this  dimate^  doee  by  the  sea,  alder,  cottonwood  and 
simioe  thrive:  in  fact,  they  extend  even  farther  tq;»  the  fiord  and  abo  dothe  the  hill  riopes 
that  rise  to  the  weat  of  this  area.  The  mmainie  soil  la  miqiiestionably  capable  of  sup- 
porting such  growth,  for  in  the  interval  between  1905  and  1909  the  development  of  the 
alder  has  been  remarkable.  That  such  vegetation  does  not  already  thickly  clothe  the 
moraine  areas  can  be  accounted  for  only  as  a  result  of  the  fact,  proved  by  other  evidence 
equally,  that  the  moraine  has  not  been  here  long  enough. 

Inl&rprdaHon  qf  As  Changes.  Hiese  phenomena,  which  pusxied  us  greatly  in  190o,^ 
were  interpreted  in  ItXM  by  the  senior  author  as  follows.*  GaKaao  Glacsw  possessed 
features  in  100ft  not  shared  by  the  Blade  Glacier  on  tibe  east  and  the  Atrevida  Glndsr 
on  the  west.  The  puzzling  new  morainic  hillocks  and  ridges  were  concentric  and  faced 
Galiano  Glacier  whose  forest  had  been  destroyed  since  1890.  This  destruction  followed 
a  long  period  of  stagnation,  as  shown  by  the  dense  alder  thicket  and  forest  that  grew  on 
the  glacier,  where  we  found  large  broken  trunks  in  1905,  one  of  which  had  75  annual 
rings.  On  the  border  of  the  alluvial  fan,  also,  quiet  conditions  had  permitted  the  growth 
of  trees  lor  at  least  00  years,  and  for  a  long  time  aUnviation  had  been  in  progress, boiid^ 
the  perfect  alluvial  fan  now  destroyed.  The  abnq>t  diange  took  jdaoe  sometinie  between 
1800  and  1905,  destroyed  the  forest  on  the  glader  and  for  4  or  5  miles  beyond  it  in  the 
allu\'ial  flat,  up  through  which  were  pushed  a  series  of  hummocks  and  moraine  patrhrs 
on  which  vegetation  was  in  1905  just  beginning  to  grow  again.  That  the  change  occurred 
later  than  1895  is  i)rove<l  by  the  Boundary  Survey  photograph  of  that  year;  and  that  it 
was  not  earlier  than  1899  is  indicated  by  the  age  of  the  new  aider  plants  on  the  glacier 
and  on  the  outer  moraine  hiBodn. 

To  aooount  for  this  diange  by  mere  slumping  would  involire  some  special  eiplanntSon 
of  the  60  or  75  years  of  immunity  from  dumping  neceadtated  by  the  forest  and  tibe  "ttMrn 
introduction  of  excessive  slumping  over  an  area  of  several  square  miles,  and  would  not 
explain  the  broken  and  splintered  tree  stubs.  Shattering  of  buried  ice  by  earthquake 
shaking  would  share  the  last  disadvantage;  furthermore,  it  would  be  most  remarkable 

•  Tarr,  R.  S.  and  Martin,  Lawrence,  Bull.  Amer.  Gcog.  Soc.,  Vd.  XXXVIII,  IWKJ.  pp.  152-3. 
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to  have  had  shattering  in  the  broad  area  of  the  lower  Galiano  without  corresponding 
breaking  in  the  neighboring  Atrevida  Glacier.  The  natives  would  have  known  it  if  there 
had  been  a  five-mile  advance.  The  only  remaining  hypothesis  is  that  tlie  Galiano  Glacier 
extends  out  here  for  4  or  5  miles  as  a  broad,  lowered,  moral ne-<'overed  piedmont  bulb, 
the  other  portion  being  reduced  by  ablation,  which  has  automaUcally  checked  melting, 
wad  that  this  part  of  the  glador  had  been  neeily  buried  hy  alhtviel  fan  d^oMta  befoie 
1890,  lorato  growing  iqpon  the  unbnried  knobs  ol  moraine  and  upon  hl^ber  parts  of  the 
fan.  Later,  when  Galiano  Glacier  moved  forwanl»  under  the  impulse  derived  from  ava- 
lanching  during  the  1899  earthquakes,  the  forest  on  the  lower  end  of  the  visible  bulb 
was  destroyed  and  the  thrust  even  caused  the  buried  ice  to  push  up  throuf?h  the  alluvial 
fan  4  or  5  miles  away,  destroying  the  forest  there,  causing  more  rapid  inciting,  and  giving 
rise  to  the  distribution  of  alluvial  fan  and  moraine  patches,  with  new  vegetation,  seen 

Obeemt&m  hen  and  elsewliero  in  19M  and  1900 give  to  this  inftsfpratatioa  a  pi^^ 

vhich  we  could  haidlif  dare  assign  to  it  in  1905  when  it  stood  as  the  only  known  case  of 
audi  a  change  due  to  earthquake  shaking.  Now  the  main  facts  observed  here  are  dupli- 
cated  in  other  cases  where  the  facts  are  matters  of  direct  observations,  not  of  interpre- 
tation alone.  The  only  serious  difiiculties  that  occur  to  us  in  accepting  this  explanation 
are  the  remarkably  quick  response  of  this  glacier  and  the  great  extent  of  piedmont  area 
aiected,  proportionately  more  tiian  in  other  eases.  The  phennmema  seem  incapable  of 
say  other  eipianafion,  howerer,  and  we  are  loreed  to  the  oondnnon  that  for  some 
fSMon  this  nan  Racier  responded  not  only  qpiddjr*  but  witii  soch  vigor  as  to  affect 
a  great  area  of  stagnant,  buried  ice.  There  may,  of  course,  be  a  very  deep  ice  bulb  buried 
here  through  which  the  was  commuDicated  with  such  vigor  as  to  spread  far  out 

toward  its  jjcriphery. 

Naturally  we  have  searched  carefully  iu  Llie  hope  of  finHmg  the  ioe  itself  in  this  outer 
Jbtmbed  area;  but  our  search  has  not  been  siMwesf at  Aade  from  the  changes  reoovded, 
hfnrever,  dwre  is  some  evidence  that  the  ice  staU  lies  beneath  the  deposits  beyond  the 

visible  ioe  bulb.  PohimM  the  most  noteworthy  evidence  is  the  great  abundanee  of  clear, 
eokl  water  that  oozes  from  all  parts  of  the  newly -elevated  morainic  area.  Hiere  is  no 
known  source  for  this  water,  which  far  exceeds  the  rainfall,  other  than  buried  ice,  and  we 
have  uniformly  found  the  same  condition  of  abundant  cool  springs  and  pools  where  we 
have  other  reasons  to  suspect  the  presence  of  buried  ice;  but  we  have  not  fonnd  this 
ennJilinn  in  loeaBlfas  wfaere  buried  ioe  is  not  supeeted  on  the  basis  of  independent 
flvidenoe.  There  are  also  a  few  areas  whcse  dumping  has  recently  occurred,  and  there 
sie  some  crsdn  mUie  soil,  and  numerous  boggy  places,  all  of  which  are  common  phenom^ 
fan  in  places  where  moraine  rests  on  buried  ice.  From  these  evidences  alone  we  would 
have  confidently  inferred  the  existence  of  buried  ice  here,  even  though  we  had  not  been 
forced  to  this  same  conclusion  by  tlie  striking  changes  between  1890  and  190.5. 

Granting  the  existence  of  a  buried,  stagnant,  ice  block  here  we  are  led  to  inquire  how 
it  eame  to  be  in  the  condition  observed  in  1890.  Knt  it  was  doubtless  an  expanded 
IttthmrMl  Irulb,  anti  mwh  ft  ^^4***"**  «*  mMw*^  Um^  fni«^^iy  ^^^^n^  g'mrral 
ablation;  hut  when  aMation  cnoceded  supply  it  would  l^egin  to  waste  away  and  ablation 
moraine  would  cover  its  surface  more  and  more  deeply.  The  further  wastage  would  then 
be  differential  and  those  parts  which  had  lea.st  moraine  would  be  lowered  most  rapiilly. 
It  is  a  common  (xmdition  in  piedmont  ice  bulbs  to  find  an  area  immediately  in  front  ol 


i^iyUi^uG  by  Google 


86 


ALASKA  GIACIEB  STUDIES 


themoimtaiiitoiiiviiidiyforflciiiieiteM^  ThiiistgrpicaUyilliiglxated 
in  llie  Variegated  Glacier  in  thia  region  and  in  the  Alien  Glacier  in  the  Copper  Bner 
region.  Such  a  clear  ice  aiea  developed  in  Atxevida  Glacier  in  1906,  as  already  staled. 
We  infer  the  existence  of  a  similar  clear  ice  area  in  the  Galiano  Glacier,  which  by  more 
rai)i(l  iiblation  was  reduced  to  tlie  condition  first  of  an  interior  flat  and  then,  when 
low  enough,  to  a  region  of  ailuviation.  It  was  in  the  latter  condition  in  1890,  and  was 
tiMtt  Noeiving  deporfta  not  only  froni  Geluno  Stiwm,  but  also  from  the  drainage  of 


The  laigeioeblo^iiliifili  webeUeve  to  belmikdhflKniiftintiMooui^ 

a  thick  cover  of  outwaah  gimveb  idiich  have  a  tendency  to  preserve  it  from  wastage. 
But  inevitably,  in  the  course  of  time,  if  stagnation  continues,  this  ice  will  complete!} 
melt  away.  If  ailuviation  continues  no  depression  may  result,  but  if  glacial  streams 
cease  to  bring  sediment,  a  large  kettle  would  ultimately  mark  the  site  of  the  buried  ice 
or,  since  the  ocean  is  so  near,  an  ann  of  the  sea.  The  present  condition  and  possible  future 
of  this  lesion  hftve  mine  than  local  interest  It  ia  one  of  many  imtancM  of  more  or  less 
camplete|y4raiied  masses  of  stagnant  ice  in  the  Alaskan  region,  whidi  show  ns  in  actual 
flxistenoe  what  was  undoubtedly  common  along  the  margin  oi  the  waning  continental 
ioe  masses  of  the  Glacial  Period.  The  literature  of  glacial  phenomena  does  not  assign 
to  buried  masses  of  stagnant  ice  the  full  importance  which  they  probably  had  in  shaping 
the  topography  of  marginal  deposits.  The  conditions  near  Galiano  Glacier,  and  else- 
where in  the  Yakutat  Bay  region,  give  facts  which  ought  to  be  of  value  in  interpretation 
of  tilfffff  phenooiena. 

CoHdiiioH  in  1909,  The  interval  behmi  llie  viali  of  IMS  and  IIKM  was  too  bt^ 

for  any  notable  change  in  the  condition  of  Galiano  Glacier  and  the  i^on  to  the  south 
of  it.  But  by  1909  there  had  been  so  much  change  that  it  was  noticeable,  and  this 
change  was  of  several  kinds.  The  area  of  the  ablation  moraine  in  the  mountain  valley 
had  extended  farther  toward  the  valley  head  than  in  190.),  when  it  evidently  did  not  extend 
SO  far  as  in  1890.  Alder  had  again  spread  over  a  large  part  of  the  piedmont  area  (PL 
XXXn,  A)  and  even  into  the  mrwintain  valUiy.  In  moat  plaoes  the  aldw  was  young 
and  In  scattered  individnab  and  dustna;  but  in  the  more  stable  parts  of  the  iNedmont 
area,  and  especiaUy  on  the  eastern  side,  there  were  already  alder  thidcets  ^trough  which 
it  was  difficult  to  travel,  and  in  which  the  bushes  were  ei|^t  or  nine  yeanoUU  There 
was  still  much  slumping  of  moraine  in  the  piedmont  area,  pmbahly  because  crevasses 
still  existed  there,  and  there  were  large  i)its  barren  of  vegetation,  but  surrounded  by 
alder  growth;  and  there  were  otlier  places  where  recent  subsidence  had  overturned  the 
alder  that  had  begun  to  grow.  Evidently  the  glacier  had  not  yet  settled  down  to  a 
itate  ci  stability  equal  to  that  iduch  pomitted  the  growth  of  niGh  a  uiif onn  cover  of 
alder  as  was  present  In  1800. 

There  were  also  notable  duUBges  in  the  marginal  valleys  on  both  the  east  and  west 
sides.  That  on  the  east  side  was  much  broader  than  in  1905  and  headed  farther  up  in 
the  mountain  valley.  Only  a  small  stream  emerged  from  the  glacier  on  this  side,  as 
was  true  also  in  1905;  but  it  was  cutting  the  glacier  back,  forming  a  steep  ice  cliff  which 
was  extending  down-stream,  and  thus  was  broadening  its  valley.  At  its  lower  end  the 
Ice  diff  magoA  Into  a  moraine-covered  ice  embankment  on  which  young  aUoca  were 
growing.  At  this  point,  ii^iere  the  fee  diff  was  bcmg  extended  dowMtream,  the  n^ 
and  its  aider  growth  were  aBding  down  the  dope  and  heie  one  aaw  withered,  present- 
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day  to  10  jew  old  alder  biuhee,  aome  of  fhem  still  green*  and  the  battered  stumpt  of 
tiie  eariier  akfer  grawth,  Biaqy  ol  tbem  over    jean  old*  aH  in^^ 

tkat  was  sliding  off  of  the  glacier  margjm, 
I       On  the  west  side,  also,  the  marginal  stream  was  extending  its  valley  up  into  the  moun- 
I     tains  (PL  XXXII,  B),  baring  tlie  ice  of  its  load  of  marginal  d^'bris  and,  iu  places,  de- 
!     veloping  a  steep  ice  cliff,  over  a  hundred  feet  high,  down  wliich  we  could  not  descend, 
i    and  forcing  lu  up-btream  a  quarter  of  a  mile  to  a  more  gently -sloping  portion  from  which 
I    the  mondne  had  not  yet  been  lemoved.  Hen  we  aaw  » lenuakaUe  effhflwtSnn  of  tho 
my  in  wUeii  the  ioe  maigin  waa  being  i/tnpptd.  of  ita  moiaine  ooiver.  While  eating 
Imrhenn  by  the  bank  of  the  marginal  stream,  just  where  the  bare  ice  diff  graded  into  the 
moraine-covered  portion,  we  watched  several  small  streams  issuing  from  small  crevasses 
and  holes  in  the  ice  and  descending  torrentially  over  and  through  the  moraine  talus  at 
tiie  ice  base.    All  of  a  sudden  a  landslide  of  considerable  proportions  sUd  down  the  ice 
face  where  one  of  the  streams  was  issuing  from  the  moraine  (below  A,  PL  XXXUI). 
It  wu  ao  charged  with  water  that  it  formed  a  veritable  mud-iloir  in  irikidi  itonea  a 
In  in  weight  w«e  floated.  The  nvalenehe  reached  the  marginal  itwiam  and  In  a  lew 
aaoonds  loieed  it  to  one  ade  and  over  the  plaoe  when  we  had  joit  then  been  aeated. 
Sfide  after  slide  followed,  and  in  less  than  fifteen  minutes  the  marginal  stream  was  poihed 
over  into  the  fringing  alder  thicket,  fully  fifty  feet  from  the  place  where  it  formerly 
flowed.    In  this  brief  interval  a  fan  was  built  whose  dimensions  were  estimated  to  be 
lUO  by  50  feet,  witli  a  depth  of  6  feet  at  its  front  margin  and  !25  to  3U  fcM^t  in  the 
center.    An  area  of  ice  <rf  several  score  square  yards  was  bared  by  these  landslides. 

On  both  margina  of  the  i^adet  near  theae  maigjnal  atieama  we  enooantered  a  band  of 
f  HI!  mud  iee  which  we  did  not  aee  in  MM.  Itwna  notfieahbieakingpiachaaiacaaaed 
by  advance^  and»  moreover,  its  maigpnal  poaition,  and  the  absence  of  cievannng  in  tiie 
glacier  center  and  up  the  valley  precludes  this  explanation.  The  phenomenon  seems 
related  to  the  development  of  the  marginal  drainage  just  described.  Part  of  it  may  be 
due  to  slumping  through  undermining,  but  most  of  it  is  apparently  due  to  the  removal 
of  debris  from  older  crevasses,  probably  formed  during  the  last  cycle  of  advance.  It  is 
eaneeived  that  prior  to  1905  the  iee  waa  broken,  as  the  Atrevida  Glacier  was  in  1906. 
Tide  lueaking  waa  aooB  healed  fay  aUation  and  Iqr  the  alidiitg  of  moraine  into  the  de- 
vanes  so  that  by  1905  thcgr  were  hidden.  Freanmal^  theve  aie  abnOar  erevaasea  all 
ever  the  deq)ly  monine^overed  ice,  bnt  moat  of  them  are  now  buried  from  view,  though 
here  and  there  one  is  seen;  and  there  are  long,  narrow,  linear  valleys  and  ridges,  which 
probably  mark  tlie  sites  of  still  others.  The  extension  of  the  marginal  drainage  up  the 
glacier  side,  doubtless  a  redevelopment  of  marginal  drainage  toward  the  condition  that 
enited  before  the  advance,  has  sharpened  the  cliff  and  exposed  the  ice,  and  from  this 
the  stieoma  emerge  heavily  diarged  with  dAiii.  It  ia  thou^t  that  the  ronioval  of  tUa 
dOiia  la  opening  np  the  marginal  cvevaaiea.  Farther  down  the  Racier,  wlieie  the  dAria 
is  wen  atiq>ped  off,  many  crevasses  are  revealed.  Another  indicatum  Uiat  the  eiplana- 
tion  proposed  is  correct  is  the  fact  that  water  is  emerging  from  orifices  part  way  up  the 
1  ice  cliff,  a.s  if  from  the  l)ottoms  of  crevasses.  In  more  mature  ice  drainage  the  water  would 
I  find  its  way  to  the  ice  bottom  through  moulins  and  emerge  from  the  ice  base  rather  from 
I    the  middle  of  the  marginal  slope. 

^  A  thttdnotaUediange  in  this  region  in  the  interval  between  our  viatta  of  1905  and  1 
:   iiintheooaatline.  Jnat  aonth  of  the  glacier  front  the  coaat  had  been  oonqJetely  altered 
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in  detail,  and  although  in  a  repon  of  deposit,  where  the  normal  change  should  be  an 
outwjird  growth,  it  had  rwcdt'd  scl  eral  yards  and  a  gravel  knoll  that  stood  tliero  in  1905 
had  been  nearly  consumed.  The  site  of  our  camp  of  1905,  which  was  on  the  beach  at 
the  base  of  this  knoll  had  dLsappeared  also.  Slumping  of  the  alluvial  fan  back  of  the 
beadi  wu  abo  indicated  by  the  fact  that,  although  thia  area  had  tot  four  yean  receiiwed 
the  diaiBage  of  the  kq^  atrcam  that  flowed  from  the  iraitenk  m 
its  bottom  had  not  yet  beoi  raised  above  the  xeadi  of  the  tide.  Lideed,  it  seemed  even 
lower  than  it  was  in  1905. 

Out  on  the  alluvial  fan-moraine  area  in  front  of  tlie  visible  ice  bulb  of  the  Galiano  there 
had  been  much  change  in  detail,  but  principally  of  two  kinds.  In  the  first  place  there 
had  been  a  great  increase  in  the  amount  and  density  of  vegetation.  On  the  higher  and 
moie  extensive  morainic  knoUs  tbwe  were  now  aUor  thidoets  throu^  which  in  places 
one  foand  it  difficult  to  travel,  wfaeieas  in  1905  then  were  no  suoh  areas.  On  the  lower 
kncJls  there  was  less  noticeable  increase  in  vegetation,  but  we  had  good  evidence  of  in- 
Ciease  in  one  place  when  we  attempted  to  find  the  site  of  one  of  our  1905  photographs  and, 
in  looking  for  the  foreground  st<)nos,  found  them  partly  hidden  by  alders,  whereas  in 
1905  there  were  only  annual  and  perennial  plants  and  a  few  scattered  alders  one  or  two 
years  old.  The  entire  foreground  (compare  vegetation  near  stones  marked  A,  B,  C, 
and  D  in  PL  XXXIV)  was  completely  alteied  by  growth  of  vegetation. 

A  seocmd  noteworthy  diange  as  that  of  dqposit  amomg  the  moffainir.  hUlo^.  The 
piooess  of  SSSag  the  depressions,  and  thus  of  submaging  the  hillocks  beneath  gravel 
deposit,  had  proceeded  so  far  as  to  be  noticeable  in  some  places;  but  we  had  no  data  for 
determining  whether  at  the  same  time  there  had  been  a  lowering  of  the  hillocks  by  the 
melting  out  of  the  underlying  ice,  though  this  must  inevitably  have  been  the  case,  to 
some  extent  at  least,  for  large  quantities  of  cold  water  still  issued  from  the  moraine  and 
this  had  withont  doubt  been  continuing  daring  the  intervening snnuneia.  Hiewater 
that  escaped  lepresented  ioe  that  was  lost  by  melting,  and  this  loss  most  have  caused  a 
lowering  of  the  moraine. 

It  is  natural  that  the  anastomosing  glacial  streams  which  are  building  an  outwash 
gravel  plain  between  the  moraines  should  change  their  courses  as  they  build  one  j>ortion 
higher  than  another.  A  number  of  such  changes  had  occurred,  but  one  was  specially 
noteworthy.  In  1905  and  1906  the  Galiano  stream  flowed  over  an  alluvial  fan  which  it 
had  Inuh  between  the  viable  glacier  front  and  the  first  range  of  low  moiainic  hflls  a  quar- 
ter of  a  mile  to  tiie  sooth  of  it.  Over  tins  Ian  the  stream  wandered  in  brandling  and 
ever-shifting  courses,  and  at  times  a  branch  swung  over  against  the  moraine  which  it  had 
trimmed  back  into  a  fairly  steeply-sloping  bank.  On  the  morning  of  July  28,  1909,  the 
Galiano  stream  was  flowing  as  usual,  with  three  large  distributaries  and  several  smaller 
ones,  all  of  which  were  easily  forded,  though  the  northern  one  was  fairly  deep  and  smft; 
but  a  small  branch  had  found  its  way  southward  through  a  gap  in  the  moraine.  When  we 
Minnied  at  ni^t  our  progrsss  was  baned  by  a  sin^  tomot  iriiM^  outi 
gap,  and  which  was  crossed  with  difficulty.  All  the  other  stream  coutses  were  afaan- 
doned,  and  for  the  time  being  the  entire  lower  portion  of  the  alluvial  fan  received  no  water 
or  sediment.  The  new  course  proved  so  favorable  that  it  was  maintained  as  long  as 
we  remained  there  (until  August  3) ,  and  that  it  was  likely  to  be  followed  for  some  time 
was  indicated  by  the  fact  that  the  torrent  had  entrenched  itself  in  a  newl^'-formed  gravel 
gorge  which  was  extending  up-stream. 
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Westof  liie  nanans  ifiiidi  had  ban  podi^ 

perfect  fan  built  by  Eaker  Stream.  Over  this  the  facial  waters  flow  in  many  branchei 
which  are  constantly  shifting  (PL  XXXI) .  It  is  the  most  perfect  alluvial  fan  in  that  %'icin- 
ity,  but  as  a  perfect  alluvial  fan  it  tenninates  against  the  morainic  hillocks  and  ridges  of 
the  buried  Galiano  bulb,  and  tlu*  waters  pass  down  among  them,  making  deposits  iu  the 
depresjiiuns;  but  in  1880  the  upper  iau  wa^  continuous  with  the  lower  one,  now  destroyed. 
Ie  wch  period  of  olMmtkm  (1800.  1005,  1006  and  IINW)  tlie  upper  fan  haa  baea  not 
imity  gEowing  In^iar  but  wKig  lataraOy.  The  latter  oonditiofi  ia  bvou^t  out  with 
atiikuig  clearness  by  reason  of  the  {act  that  the  alluvial  fan  was  bowfaaed  on  the  north  by 
a  forest  of  Cottonwood  and  spruce  trees  into  which  the  glacial  torrent  is  pouring  its  flood 
of  water  and  sediment,  burj-ing  and  kiiUng  many  of  the  trees  (PL  XXXV,  A).  Some,  only 
slightly  buried,  are  still  growing  in  the  barren  alluvial  fan;  oUiers  stand  there  dead,  and 
one  of  our  puckers  who  is  familiar  with  the  Alaskan  forest,  judging  from  the  position  and 
Mftaie  of  liie  Ibnba,  catmiated  tliafc  tiM  grvvd  voie  up  on  lemal  of  tham  to  •  ha(^i  of 
tvPCBly-five  leet.  Bade  mthafofeatiacaagmvdtefnoQaonwliidiaiiMKti^ 
and  in  which,  beneath  the  living  forest,  were  dead  mature  trunks  in  place,  proving  a  still 
older  peri<Ki  of  burial  at  a  higher  level.  It  is  believed  that  these  deposits  were  laid  down 
when  the  expanded  bulb  of  GaUano  Glacier  stooti  up  as  a  barrier  across  Esker  Stream, 
forcing  the  dei)o.sit  of  its  sediment  load  at  a  higher  level  than  at  present.  Thus  the 
r^on  has  been  the  theatre  of  extensive  past  as  well  as  present  day  changes. 

Tkg  Cycle  of  Change.  Galtaiio  Gladeriatiiaoiiljrliiataiieeiii  Ilia  Yakntai  Bay  reffou 
m  irhkh  •  piiactieaBy  eompletad  cycle  of  change  rewihiag  faom  eartkquaka  advance  haa 
bean  ofaaamd.  It  seems  iraO,  tiianfon,  to  luiedgr  aummariae  tiie  ■ttocewina  of  eventa 
as  observed  and  inferred. 

It  is  inferred  that  at  .some  jx^riod,  long  before  1890,  Galiano  Glacier  flowed  out  of  its 
mountain  valley  and  expanded  into  a  huge  bulb  extending  some  five  miles  or  more  from 
the  mountains,  expanding  somewhat  toward  the  west,  and  toward  the  east  entering  the 
waMm»  of  Yakatat  Bay.  Just  beyond  the  mountahi  front  waa  an  oea  of  daar  ice,  bnl 
beyond  ft  the  piedinont  ice  bacaaiecoiveaed  with  aMationmoiaine.  Ablation  proceaded 
to  lower  tike  aufaoe,  most  rapidly  in  the  area  of  dear  ice,  but  finally  reduced  the  entire 
outer  area  nearly  or  quite  to  sea  level.  A  glacial  stream  from  Atrevida  Glacier,  Esker 
Stream,  built  an  alluvial  fan  up  to  the  western  side  of  this  piedmont  ice  area.  In  the 
meantime  a  stream,  developed  on  the  western  side  of  the  Galiano  Glacier,  found  escape 
into  the  interior  flat  that  had  developed  in  the  clear  ice  area  and  began  to  deposit  there; 
and  in  this  nwt  of  deposit  itwasnltimately  joined  by  Esker  Slieani,idikhhilhflvto  had 
haen  dellaetad  aovthwaid  hf  the  expanded  Galiano  ioe  bidb.  l&anwfaile  foieat  had 
developed  on  the  lowered  moraine  to  the  south  of  the  alluvial  fan  of  the  interior  flat; 
and  a  growth  of  alder,  and,  toward  the  east,  of  cottonwood  and  spruce  trees,  had  covered 
the  ice  bulb  that  still  rose  above  the  interior  flat  and  between  it  and  the  mountain.  The 
glacier  was  in  this  condition  when  Russell  studied  it  in  1890,  and  when  the  Bovmdary 
surveyors  photographed  it  in  1895,  and  doubtless  continued  in  this  condition  imtil  1899 
or  1000. 

Then  came  tiie  aeriea  of  earthqaakea  in  Scptambcr,  1800,  ivfakh  shook  down  into  the 
nfiper  portion  of  the  Galiano  vaU^  a  great  series  of  avalandies  of  anoar  and  ice,  the  scars 
of  aorat  of  which  were  easily  recognizable  in  1905  by  comparison  with  1800  photographs. 
Quickiisr,  and  presumably  as  early  as  1000,  judging  by  the  age  of  the  neir  aldos  found  in 
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1905  and  by  the  extent  of  healing  of  the  glacier  in  that  year,  the  entbe  Galiano  Glader 
from  its  valley  head  to  the  j>eripher3*  of  its  buried  piedmont  bulb  was  under  the  influence 
of  a  spusniodic  advance,  which  broke  the  surface  of  the  glacier  and  pushed  up  through 
the  alluvial  fan  as  well  as  the  area  of  moraiuic  liillockfl  beyond  it,  at  the  same  time 
destroying  the  alluvial  fan,  overturning  the  forest  that  grew  on  the  glacier  and  that 
which  was  growing  to  the  south  of  tho  aUnvial  fan.  Ablatkm  on  the  deeply  mocmi2i»> 
eorerad  ice  soon,  hid  the  rwiVHWii,  partly  by  nuitiiig  down  of  the  rnnface^  but  kigdy 
hy  the  sliding  of  the  nunraine  into  the  crevasses,  so  that  in  1905  the  glacier  anifaoe  showed 
no  signs  of  the  pronounced  breakage  of  a  few  years  before,  which  would  be  recognized  by 
an  observer  unfamiliar  with  the  phenomenon.  This  latter  point  would  perhaps  seem 
improbable  were  it  not  for  the  evidence  that  the  advancing  glaciers  of  1906  furnish 
eooceruing  the  rapidity  with  which  such  a  broken  surface  is  healed  by  ablation. 

Now  the  glader  is  letoEiiiiiig  to  its  fonner  condition 
seen  along  the  aides  in  1909  where  maigmaldiainage  was  agMndevelopi 
so  revealing  some  of  the  crevasses  that  were  formed  daring  the  advance  and  that  sinoe 
then  had  been  hidden  by  the  ablation  moraine.  It  was  also  shown  by  tlie  immaturity 
of  the  ice  drainage.  The  return  of  stagnation  has  again  i>ermittc(l  the  encroachment  of 
vegetation  upon  the  glacier,  and  it  is  rapidly  spreading  and  developing  alder  thickets; 
but  the  presence  of  buried  creva^ises  beueutii  the  moraine,  and  the  necessity  of  develop- 
ment of  drainage,  are  cansing  so  nuich  slumping  that  the  advanoe  of  the  vegetation  is 
intemqited  here  and  there. 

Changes  were  also  in  progress  on  the  outer  area  of  stagnsntt  buried  ice,  but  this  had 
not  yet  proceeded  far  and  the  morainic  hillocks  still  rose  pranunently  above  the  surface. 
However,  vegetation  was  taking  root  here  also,  allu^iation  was  in  progress  between  the 
hillocks,  and  probably  the  surface  of  tlie  moraines  was  being  lowered  hy  the  melting  of 
the  buried  ice.  There  was  a  tendency  toward  the  return  of  the  condition  of  1890,  but  it 
win  be  niany  yeaa  befbie  this  woilc  is  oompiete,  £or  then  were  many  trregulai^^ 
removed  or  graded  vpbeforean  even-suiftused  alluvial  fanisagainbuilt  here;  and^althooi^ 
glacial  streams  bore  great  quantities  of  sediment,  and  were  relatively  rapid  agftnciea  of 
deposition,  there  was  a  large  area  to  be  covered  and  much  deposit  was  necessary.  At  the 
observed  rate  of  change  it  is  probable  that  a  quarter  of  a  century  hence  the  signs  of  the 
spasmodic  breaking  of  the  Galiano  Glacier  will  still  be  visible  here,  while  in  the  valley 
portion  and  its  small  inner  piedmont  bulb  all  signs  of  the  advance  will  have  disappeared. 
AbktxMi  <m  the  Racier  itsdf  is  far  more  raped  than  on  the  outer  bulb  idiidi  bears  so  thick 
a  coat  of  morsink:  dA»ii  and  aUiivial  fan  gravels  tiiat  no  ioe  has  been  obaervod  in  ^ 

In  1910  and  1913  the  Galiano  Glacier  seemed,  fnmi  the  bay,  to  be  fftf"t'*Hf  as  in 
1900,  except  for  the  increased  covering  of  vegetation. 

Black  Gl.\cieu 

Black  Glacier,  a  httle  over  a  mile  east  of  Galiano  Glacier  (Map  2)  resembles  the  Galiano 
in  several  re-spects,  though  in  others  the  two  glaciers  arc  quite  diiferent.  Although  shorter 
and  narrower  than  the  Galiano,  the  Black  Glacier  occupies  a  similar  steep-sided,  short 
vaUqr  and  is  supplied  with  ice  by  several  steepfy^deaoending  rasrwding  tributaries  at 
the  vall^  head.  Its  surfaee  to  a  point  far  up  in  the  moimtain  valley  is  covered  willi 
ablation  moraine,  and  in  the  lower  portion,  in  the  areas  of  deq[)est  monune,  there  is  con- 
aiderable  alder  growth,  forming  small  thickets.  There  is  no  continuous  alder  thicket. 
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mcfa  as  existed  on  the  Gatiano  in  1890,  but  some  td  the  bushes  are  quite  mature.  A 
Boteworthy  differenoe  between  the  two  gbden  is  the  fact  that  the  lower  Black  Glacier 
is  a  ridge,  with  a  wdl-difiiied  maigiiial  vallqr  oa  cither  ade;  aikd  a  still  moie  notable 

difference  is  t]ie  abseaoe  ci  »  pRmomieed  piedmont  bulb  at  the  lower  end  of  the  Blade 
Glacier.  It  barely  passes  beyond  the  mount^un  front  and  **xpftndi  slightly  at  the  vwj 
lowermost  end;  but  no  piedmont  bulb  is  produced. 

Although  the  earthquakes  of  September,  18d9,  must  have  shaken  the  Black  Glacier 
as  much  as  the  Galiaiio>  we  have  been  unable  to  find  any  evidence  of  an  advance;  and 
there  axe  several  facts  whidi  prove  that  if  this  glaoiar  did  respond  at  all  to  the  influence 
ef  eartliqiiake  shaking  it  was  only  to  a  vtry  limited  eKtent  Bnaall  photogcaiilied  ^ 
^aeiar  fnm  its  alluvial  fan  in  1890,  and  in  1900  m  fe-oeeopied  the  site  of  this  picture 
and  were  unable  to  detect  any  distinrtho  change  in  appearance.  That  tlie  glacier  lias 
not  advanced  to  any  extent  since  1890  is  proved  by  the  presence  of  a  mature  cotton  wood 
forest  about  250  yards  from  the  glacier  front,  which  also  appears  in  Russell's  picture. 
This  photograph  (PL  XXXV»  B)  was  taken  at  sudi  a  distance  that  we  cannot  be  obtain 
of  the  apace  that  then  separated  the  glacier  from  the  forest,  but  it  seems  to  have  been 
eboot«faesameinl890asinlM».  bMtoidofadvuHe, Black dadorfrantgimevidBiioe 
of  recent  recession,  for  in  1905  there  was  a  low,  mondne-oovered  stagnant  kse  mass  abottt 
100  feet  from  the  glacier  front,  and  between  it  and  the  glacier  there  was  no  mature  alder 
growth.  lUit  just  outside  this  stagnant  ice  mass,  aud  within  a  few  feet  of  it,  were  alder 
bushes  from  ten  to  fifteen  years  old.  The  interpretation  that  we  place  on  these  facts 
is  that  in  1880  the  ice  front  stood  whm  the  stagnant  ice  now  rests,  and  that  since  then 
thm  has  been  reoeswm  of  abont  100  feet.  Prior  to  1800  the  ice  had  been  receding  over 
the  ana  of  aboat  800  yards  now  covered  by  elder*  and  for  at  least  a  half  eentuiy  had 
mat  been  farther  oat  than  the  border  of  the  cottonwood  forest. 

Confirmatory  evidence  of  the  conclusion  that  Black  Glacier  has  not  been  subjected  to  a 
recent  advance  iis  a  result  of  earthquake  shaking  is  supplied  by  two  facts  already  men- 
tioned, namely,  the  mature  alder  growth  still  standing  on  the  glacier,  and  the  ridge  form 
of  the  glacier  itsdf .  The  ridge  extends  about  a  mile  from  the  ice  front,  to  an  elevation 
«f  abcNtt  1100  feet,  and  iti  snifm  lises  lip  the  valky  at  n  hi^  angle»  aves^^ 
in  Uie  first  half  mile.  It  is  a  narrow,  moraine  covered  aadal  lidge,  sloping  toiward 
the  valkgr  walls  often  at  an  angle  of  30**  or  85®.  Bare  ice  shows  in  many  places,  and  stones 
frequently  roll  down  the  marginal  slopes;  but  the  moraine  on  the  ridge  top  is  thicker, 
5  or  6  feet,  and  ice  is  rarely  revealed  there.  Alders  grow  in  this  thick  moraine,  one  that 
was  cut  down  in  1905  being  13  years  old.  Some  are  killed  by  sliding  and  slumping  of  the 
S(h1,  but  this  did  not  seem  to  be  due  to  ice  movement,  for  there  were  no  crevasses  in  the 
eentraliidfle  in  the  lower  half  mile  of  the  leader.  FarUMriq»  the  ^ader,  where  crevasses 
are  present,  deqp  moraime  soil  and  alder  bushes  are  not  found.  AJdera  5  or  8  years  old 
grow  on  the  leader  up  to  1000  feet,  a  mOe  from  the  end  of  the  glacier.  Bqmnd  this  the 
ridge  flattens  and  disappears  but  in  both  1905  and  1009  ablation  moraine  covered  the 
Racier  clear  to  the  head. 

Had  there  l)een  notable  recent  advance  of  this  glacier  the  ridge  would  of  necessity  have 
been  destroyed  and  the  glacier  put  into  closer  contact  with  the  mountain  wall.  It  i^ 
faeuuedvsiile  tibat  so  prumounced  a  ridge  eonU  have  ben  f Mmed  by  the  devdofMnent  of 
issfginal  valleys  in  the  interval  between  1890  and  1905.  Also,  the  mature  alders  could 
not  have  sorvived  an  advance  and  breaking  of  any  considerable  amount  Those  that  are 
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being  overturned  are  easily  accounted  for  by  normal  slumping  of  themorainic  soil,  accentu- 
ated here,  perha|»,  by  the  continued  development  of  the  ridge  fonn  of  the  glacier  Uuoui^ 
ablation. 

The  facts  observed  force  us  to  the  conclusion  that  Black  Chuaat  has  eiq)erienced  no 
aotabfe  advance  under  the  impdae  of  aardiqiiake  shaldiig.  This  does  not,  d  oouem^ 
imply  that  tibteie  has  been  no  diaoge  as  a  result  of  the  earthquake^  for  m  th«  iqpiNr  poi^ 
tMm  there  may  have  been  an  advanoe  and  breaking  of  such  slij^t  moportions  that  it  was 

not  communicated  to  the  lower  portion.  Possibly  the  small  area  of  crenraawig  ft  little 
more  tliiin  a  mile  from  the  terminus  is  a  relic  of  such  an  advance. 

The  contrast  between  Black  and  Galiano  Glacier  in  this  respect  is  notable,  and  it  is 
this  contrast  which  to  us  constitutes  the  most  interesting  feature  of  the  Black  Glacier. 
The  nwghhfflring  Galiano  Glader  supplies  unquestionable  proof  of  a  great  advanoe  and 
hreaking;  vdiife  Black  Glaoier  furnishes  equally  convincing  proof  of  the  abaenee  of  auch 
advance  and  breaking;  yet  both  receive  their  anow  sl^lplies  from  the  same  earthquake- 
shaken  area.  No  other  reason  for  this  difference  appears  than  the  difference  in  size  of 
the  glaciers;  and,  of  course,  the  related  difference  in  extent  of  supply  area.  It  must  be 
concluded  that  there  was  not  a  sufficient  amount  of  unstable  snow  and  ice  available  in 
the  supply  ground  of  Black  Glacier  to  give  the  impulse  necessaiy  for  advance  and  break- 
age dawn,  to  the  glacier  teiminna.  It  may  also  be  true  that  the  nanoir,  and  pcrhapa 
thhi,  lidge  of  ioe  that  iMms  the  lower  Bladt  Glacier  was  not  a  large  enon^  mass  of  ioe 
to  transmit  the  thrust.  This  could  only  be  true,  though,  if  the  thrust  itself  was  weak; 
iot  a  strong  thrust  would  have  broken  and  pushed  forward  even  a  ri^d  ice  body  that 
stood  in  the  way.  In  1905  it  seemed  to  us  a  possibility,  though  not  very  probable,  that 
the  impulse  of  earthquake  advance  in  the  case  of  this  glacier  has  for  some  reason  been 
retarded  and  that  its  effects  would  be  noted  in  later  years.  We  accordingly  examined 
it  agun  in  1905  and  in  1900,  but  oouU  see  no  diange.  In  1010  and  lOlS  Ibara  waa 
no  change  that  was  visible  from  Yakutat  Bay.  That  an  advance  could  be  kmger 
delayed  seems  ineonceivable  in  a  glacier  of  such  small  size,  and  in  view  of  the  notaUe 
advance  of  so  many  other  larger  glaciers.  We  therefore  conclude  that  not  only  has  there 
been  no  notable  advance  up  to  1913,  but  that  no  future  advance  ol  the  Black  Glacier 
is  to  be  expected  as  a  result  of  the  earthquakes  oi  1899. 
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Turner  Glacier 

General  Dexcri-ption.  On  the  western  side  f)f  Disenchantment  Bay,  a  few  miles  up  the 
fiord  is  the  Turner  Glacier  (PI.  XXXVI),  the  first  of  the  tliree  tidal  glaciers  that 
discharges  icebergs  into  Yakutat  Bay.  It  was  first  described  and  photographed  by 
Russell  in  1890  and  1881;  it  was  photographed  by  Brabazon  of  the  Canadian  Boundary 
Samgr  m  18M  and  by  Ibyaot  in  1807;  it  was  again  photographed  and  detenbed  fay 
Gilbert  in  im,  and  photographed  by  the  U.  S.  Fish  Commiiwop  in  1901;  and  it  waa 
itB&d  and  photographed  by  us  in  1005, 1906, 1909, 1910  and  1018.  We,  thorefore.  have 
a  more  complete  photographie  reootd  of  the  Turner  Glacier  than  of  any  other  in  the 
Yakutat  Bay  region. 

RusseU  saw  Turner  Glacier  from  Haenke  Island*  on  July  3,  1890,  and  September  5, 
1891,  and  described  it  in  this  language: 

"nom  a  irild  diff-ondoied  valley  toward  Uie  north,  guarded  by  towering  pinnadea 
aad  maaaive  diffs,  flows  a  great  ^ader,  the  fountains  ol  irfiidi  aie.isr  bade  in  the  heart 
of  the  moontains  b^ond  the  reach  of  vision.  Having  vainly  sought  an  Indian  name  for 
tins  iea-atieam,  I  conduded  to  diristen  it  the  Dalton  gUuur,  in  honor  of  John  Dalton« 
a  miner  and  frontiersman  now  living  at  Yakutat,  who  is  justly  considered  the  pioneer 
explorer  of  the  region,'  The  glacier  is  greatly  shattered  and  pinnacled  in  descending 
its  steep  channel,  and  on  reaching  the  sea  it  expands  into  a  broad  ice-foot.  The  last 
tteq>  descent  is  made  just  before  gaini^  the  water,  and  is  marked  by  crevasses  and 
jiiwaadee  ol  magnificent  proportion  and  beautiful  cobr.  This  is  one  of  tiie  iew  ^aden 
in  the  St*  EHaa  wgwwi  that  baa  wdl-^eflned  wifdiiftl  and  lateral  mornhww  At  tin  baaea 
of  the  cliffs  on  the  western  side  there  is  a  broad,  latnal  moraine,  and  in  the  center,  looking 
like  a  winding  road  leading  up  the  glacier,  runs  a  triple-banded  ribbon  of  debris,  forming 
a  typical  medial  moraine.  The  morainal  material  cirricd  by  the  glacier  is  at  last  deposited 
at  its  foot,  or  floated  away  by  icebergs,  and  scattered  far  and  wide  over  the  bottom  of 
Yakutat  Bay. 

*^1ia^bder  elands  on  enteiing  the  water,  aa  is  Ibe  habit  of  all  glacm  when  unoon- 
iaad  and  cada  in  ntagnifioent  ioa-diflii  aome  two  mika  in  leogdL" 
Gilbert  also  described  Turner  Ghw&er  fully  in  1800,*  comparing  the  conditions  with 

those  in  1891,  1895  and  1901. 

*Ru»eII,  I  C,  Nst  Qm-        ▼«■•      Un«  »•  W-M;  Ulh  Aaa.  Bqit  U.  8.  OwL  Sarvqr*  UM> 

PL  XX,  hdng  p.  80. 

(Tbeuthon  of  this  volume  agree  with  this  characieruntion,  and  regret  the  lubaequcat  diaage  in  the  name 
<f  Ail||M9er  from  Dalton  to  Turner. 
'OMwrt,  a     HMriMM  AImIm  Bipwfitinn.  Vol.  HI.  1001^  jip.  M-OO. 
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fummarizes  tlie  main  results  of  the  earlier  obserA^atioiul  dofwn  to  the  close  of  1906,  and 
has  been  freely  paraphrased  here,'  with  minor  additions.    Turner  Glacier  flows  from  an 
unknown  source  upon  the  slopes  of  Mt.  Cook  through  a  valley  nearly  a  mile  wide  and  i 
with  walls  five  to  six  thousand  feet  liigh  fPl.  XXX\'II).    Its  visible  .slo{>e  is  moderate  ! 
and  fairly  regular,  and  the  rapidiy-moviug  ice  is  severely  crevassed.    Wliere  the  glacier  ! 
imHm  fiofii  iln  iiiniinlain  iiwllny  iiifn  Diiwinrliiintinf  n!  Hay  it  wniaiiili  lo  lanninifcuiii  wiillli  I 
(M^p  8)  and  the  slope  is  gbeepeaed  horn  kas  than  ten  to  as  much  as  twenty-five  degrees, 
a  diange  ^rliich  Gilbert  correctly  interpreted  as  indicatiqg  the  hanging  valley  conditum,  I 
due  to  the  overdeepening  of  the  main  fiord  by  the  larger,  expanded  Hubbard  Glacier  at 
the  time  when  tlie  smaller  Turner  Glacier  was  its  tributary.    The  floor  of  this  valley 
probably  hangs  well  above  the  fiord  bottom,  and  perhaps  lies  even  above  present  water 
surface.  Half  a  mile  back  from  the  terminus,  and  about  half  way  between  the  medial  and 
tooth  lateral  moraiiw^  thaw  was,  in  1006»  a  maasively-cNfvaasod  tmlge,  or  dome*  sug- 
geitinganimespoaednnnatakandindicatiBgthattheiMwaanotTeqrthiciL  Bekrvrtlie 
ste^  slope  the  ioe  eaqMnds  into  a  flat-topped  fan  or  bulb  terminated  by  a  crevassed  cltf 
fOO  to  220  feet  or  more  high,  whose  height  is  shown  specifically  in  PI.  XXXVIII,  where 
it  is  compared  witli  a  New  York  office  building,  drawn  carefully  to  the  same  scale.    The  \ 
levelness  of  this  ice  foot  suggests  that  it  is  eitlier  afioat,  as  Gilbert  thought,  or  else  rest-  | 
iug  on  a  flat  rock  surface.    If  afloat  Gilbert  estimates  that  there  must  be  1300  to  IGOO  ' 
feet  of  water  here^  but  aouidingi  are  not  available  for  detennining  thia.  li  doea  not 
aeem  probable,  however,  tiutt  the  glacier  terminna  &  actoally  afloat,  for  the  only  knofwa 
depths  nearby  are      fcet  just  west  of  Haenke  Island,  144  to  282  feet  between  Tkntner  and 
Hubbard  Glaciers  near  Osier  Island,  and  720  feet  (no  bottom)  southwest  of  Haenke 
Island.    The  nearest  of  tliese  is  nearly  two  miles  from  Turner  Glacier,  but  the  depth 
of  1500  to  IGOO  feet  is  not  thought  probable,  for  the  greatest  dei)ths  in  all  Yakutat  Bay 
are  only  1002  to  1119  feet  (PL  XCI),  and  the  depth  on  the  side  of  the  bay  near  the 
Turner  Glacier  would  normally  be  considerBbly  leas  than  the  maximum.  Still  anotiiflr 
reaaon  for  not  believing  this  glaoier  firont  to  be  afloat  is  the  nature  of  the  ioebeig  dia- 
charge.   If  it  were  afloat  there  should  be  occasional  larger  masses  breaking  horn,  the 
fipottt;  bvt  as  a  matter  of  fact  the  icebergs  discharged  are  all  of  small,  er  moderate  aiee 
such  as  come  from  the  grounded  front  of  a  tidal  glacier. 

The  front  of  Turner  (ilacier  Ls  not  a  completely-symmetrical  bulb  or  fan,  such  as 
forms  where  glaciers  emerge  from  confining  valleys  into  broader  spaces  on  the  land,  for 
icdberg  f  oinmtion  and  rndting  in  the  fi«Hd  dtedc  oonqilete  devefepmenft  of  the  bnB> 
This  expanded  bulb  haa,  therefore*  a  truncated  terminus  with  a  faiily  atraight,  tidal  ioe 
diff,over  two  miles  long  in  190ff,flanked  by  wing-like,  moraine-covered  points  which  ended 
on  the  land  about  2\  miles  apart.  Icebergs  are  steadily  discharged  from  the  cliff  and 
float  seaward  vnth  those  from  Hubbard  Glacier,  making  an  iceberg  barrier  so  hard  to 
penetrate  that  we  found  it  difficult  to  work  a  boat  up  to  within  a  half  mile  of  the  south 
edge  of  the  glacier  in  1905,  and  quite  impossible  in  a  half  day's  work  in  1906. 

The  lateral  moiainea  of  l^uner  Glaekr  tenninated  in  the  tlpa  of  the  wingJike  edges  I 
of  the  ice  ftont,  the  one  <m  the  aouth  being  oomponnd.  NorUi  of  it  were  two  nanow, 
indiatincL  nanJld*  lateral  moraines*  Ihm  thin,  nanow  bands  of  dflbria.  and  then  a 

iTur.  B.  8.  and  Mutia,  £mn«Bee^  GtscknaadGbdatiQa  of  TdmtatBMqr,  AlMka,  BaD.  ABflr.Geaff.8oe., 

Vol.  XXXVIII.  1806,  p.  149. 
Tmt.  B.  &,  Hie  Ydmtot  B»y  Bogko,  Ahiks,  M.  FMper  04,  U.  S.  G«ol.  Survcgr,  1909,  pp.  8»-40. 
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pronounced  medial  moraine.  Gkw  ioe  exceeded  d^brb-laden  ice  in  the  south  half  of  the 
gMer.  whilft  in  the  north  half  th«t«  wtn  no  medial  mowinei  and  the  north  lateral 
mofaine  was  not  wide. 

The  ice  cliff  is  in  general  regular,  reaching  its  mazimilin  M^lt  within  a  quarter  ol  a 
mile  of  the  south  side.  In  detail  it  is  made  up  of  innumerable  points  and  recesses,  the 
foremost  cape  being  south  of  the  middle  of  the  glacier.  Rapid  movement,  of  undeter- 
mined rate,  is  indicated  by  severe  crevassing  and  incessant  icebeig  discharge*  even  the 
debris-laden  wing-tips  being  much  broken  in  1905. 

Ckamget  Bdwtm  1891  and  iOaS,  Pliotographs  tahen  in  MM  on  Haealw  Maad  from 
the  exact  site  olGifiMrt's  18M  poctnre,  and  from  as  near  the  site  of  Rnsadl's  1891  picture 
as  th'--  0 — Iff  nHnr  irmiH  pnmrit  iti  Inratimij  nhtnr  thft  fftHtnring  tihangnei  irhirh  hem 
pteviously  been  announced.' 

Between  1891  and  1905  Turner  GInrier  receded,  the  moraine-veneered  tip,  and  the 
edge  of  the  clear  ice  on  the  soutli,  going  hack  two  to  three  hundred  yards  and  the  north 
edge  an  equal  amount.  The  centre  of  the  glacier  receded  a  quarter  of  a  mile,  as 
thawn.  by  the  troneation  of  the  medial  moraine.  Then  wen  minor  dilfeieiioea  In  the 
distrilHitioD  of  moraine  on  tiie  ioe. 

Betwieenl899andl90ff  the  middle  of  the  glacier  receded,  showing  that  foUjrtwo^ldide 
of  the  recession  of  Turner  Glacier  between  1891  and  1905  took  place  between  1899  and 
1905.  But  the  north  and  south  glacier  tips  advanced,  both  the  clear  and  the  d6bris- 
laden  ice  on  the  north  side  extending  fully  a  quarter  of  a  mile  farther  in  1905  than  in  1899, 
while  the  south  side  advanced  one  or  two  hundred  yards  and  was  greatly  broken  clear 
up  to  tlie  edge. 

TheraflcMe,  as  Gilbert  diowed,  there  was  reeeeeion  between  1801  and  1880;  bat  then 

wns  net  recession  between  1891  and  1905  with  advance  of  the  middle  between  1800  and 
1901  and  withadvanoeandbnakingontheedgeeandietnatintheoenlerbetiiwnl^ 
and  1905. 

^Diis  general  recession  is  evidenced  along  the  south  margin  of  Turner  Glacier  where 
there  was  a  low  moraine  in  1905  with  no  ice  in  it  and  no  vegetation  upon  its  surface. 
Uda  wia  pfrtiflpf  ^e  ituumAim  |hnt  the  i^aoier  — f<»  loadied  at  the  time  of  Rmeell'a 
1801  pietain.  Jnrt  besrond  tfaie,  and  not  ler  above  the  pneent  Racier  anrfMse^  the 

growth  of  goodnsued  ahlem,  estimated  to  be  not  less  than  90  yean  old*  proved  that  the 
^ader  had  not  recently  been  much  higher  than  in  190S.  No  eprnoee  had  advanced 

within  several  miles  of  Turner  Glacier. 

Condiiion  in  1906  and  1909.  The  only  noticeable  modification  between  1905  and  1906 
was  a  slight  change  in  the  position  of  the  medial  moraine,  suggesting  a  minor  advance 
in  liie  oentral  portion  of  the  ghder.  In  1900,  however,  notable  change  waa  eeen.  By 
comparing  the  1906  and  1900  views  of  Tomer  Glacier  from  Oeier  Idand,  veceeiion  in 
the  northern  wing  was  indicated  by  tiie  notioeable  increase  in  the  area  covered  by  mo- 
raine. A  visit  to  the  southern  margin  was  made  and  photographic  sites  of  1905  and 
1906  were  re-occupied.  Here  it  was  found  that  the  southern  wnng  had  receded  slightly 
(PI.  XXXIX)  and  its  crevassed  condition  had  di-sappeared,  being  replat  ed  l)y  a  moraine- 
covered,  uncrevassed  margin,  and  that  the  ice  over  the  steep  j)art  of  the  glacier  was 

*  Tair,  B.  S.  and  Martin,  Lawrence,  Glaciers  aod  Gladation  of  Yakutat  Bay,  Alaaka,  Bull.  Amer.  G«og.  Soc, 
Yd.  ZZZVnL  1M6,  p.  IM:  Taxr,  B.  S.,  the  Yakutat  Bay  Be«ion.  Alaska.  Pi  afirfiiel  Vtv&t  9k  V,  9.  GmL 
8vfV.lMe.pp.«ML 
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thSimer.  TUs  vetnaA  is  alw  aboim  hj  eompning  1000  and  1900  pliotognplis  tstm  I 

Gilbert's  1000  foot  station  above  Osier  Island.  Exactly  the  opposite  condition  was 
observed  in  the  tidal  portion  of  the  glacier,  for  in  1909  the  point  of  the  ice  cliff  projected 
so  far  as  to  hide  the  western  margin  of  Hubbard  Glacier  which  was  visible  from  this 
photopraphic  site  in  1005,  indicatinj^  an  ad^  ance  of  several  hundred  yards.  In  1906  the  I 
black  point  of  Ilaenke  Glacier  was  visible  from  one  of  our  photographic  sites  on  the 
•oittihflMeolTiinMrG]adw,bat  ia  lOOOithaddisappeaied.  TUa,  however,  is  due  in 
|iart  to  the  lecemon  of  Haienlpe  Glacier* 

Omdmon  m  1910  and  191S.   There  was  no  great  change  in  Turner  Gimatt  from  1900 
to  1910.   Fnm  Osier  Island  (Photo  sta.  C.  Map  S)  neither  the  north  nor  south  edgea  j 
showed  any  chancre  (PI.  XL,  A)  but  from  Gilbert's  photographic  site  1000  feet  above  | 
Osier  Island  (Station  D,  Map  3)  it  was  apparent  in  1910  tliat  there  had  been  a  very 
slight  retreat  of  the  south  edge  and  possibly  of  the  north  edge  also.    i*'rom  both  stations 
an  increase  ol  the  area  of  dirty  ice  on  the  north  nuurgin  was  apparent.   Fmn  the  crest 
of  Haedw  Uand  (Photo,  atatioii  A,  M4>  9),  Yrfiidi  iras  not  via 
Ihat  tilicre  had  been  some  retreat  of  the  aoolh  edge  between  1900  and  1010  aad* 
reeeaaon  of  Haenke  Glacier,  of  the  north  edge  also.   No  diange  in  the  middle  ]x>rtion 
was  apparent.    In  September,  1913,  when  the  junior  author  visited  Yakutat  Bay  with 
the  International  Geological  Congress,  the  Turner  Glacier  was  seen  to  ha\e  continued 
its  retreat.    The  tips  of  both  the  north  and  south  wings  of  the  glacier,  especially  the 
latter,  were  so  inactive  that  they  had  ceased  to  discharge  icebergs.   They  were  covered 
wilh  aUatiQa  monoie  to  «  greater  extent  than  at  any  time  in  the  previous  eight 
years.  Veiy  few  ioebergs  were  being  diadiMged  Irom  the  middle  of  the  glacier  cliS. 
It  is  dear,  therefore,  that  the  rdative  inactivity  of  Tmn  Glacier  wm  contiimed  at 
least  until  Scptembei^  1918. 

Turner  Glacier 


Year 

Nature  qf  Change 

Bated  on  observaUon*  by 

1800-1801 

Russell 

1891-1805 

Retreat 

Retreat 

Boundary  Survey 

1895-1897 

Retreat 

Bryant 

1891-1899 

Gilbert 

1800-1001 

Advance  middle  and  b^;inning  in  edges 

Fish  Commission 

1001-1905 

Advance  north  and  south  edges,  re- 
treat middle 

Tair  andMaitin 

1805-1906 

Advance  of  middle,  retreat  of  north 
and  south  edges 

Tarr 

1900-1900 

Retreat  of  north  and  south  edges 

Tair  and  Martin 

1900-1010 

Retreat 

BCartin 

1910-1918 

Retreat,  especially  at  south  edge 

Martin 
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The  general  recession  from  1891  to  1913  is  thought  to  be  normal,  perhaps  due  to 
itnmmng  snow  supply,  perhaps  slightly  aooaitaAted  imniedktdy  tiler  1809  by  the 
tuAqatkt  dhaUog  in  that  ymr.  It  is  aasamed  that  Turner  Glacier  has  not  yvt  been 
s^'ected  to  any  profound  spasmodic  advance,  such  as  some  of  the  other  glaciers  of  the 

region  have  experienced,  but  that  the  two  periods  of  slight  lorward  thrust  between  1899 
and  1901  and  between  1905  and  1906  represent  only  the  response  to  nuMlerate  thrusts 
from  some  of  the  tributaries  overloaded  through  earthquake  avalanching.  A  great 
^Mismodic  forward  movement  may  yet  be  in  store  for  this  glacier;  or  the  eifect  of  the 
«arlhqiiak»  may  express  itself  only  by  similar  rq)eated  small  advances. 

It  is  unfortunate  that  none  of  tiie  tidal  gladers  of  Yakntat  Bay  have  so  far  responded 
to  the  eattihquaice  shakiiig,  as  some  of  the  ^aders  irtSA  terminate  on  the  land  have  done. 
We  cannot,  therefore,  tell  what  is  to  be  expected  as  a  rrault  of  such  an  advance.  We 
would  infer,  however,  that  when  such  an  advance  occurs  it  will  he  a  notable  one,  for  the 
tidal  glaciers  are  already  moving  with  sucli  rapidity  thai  they  an'  broken  by  rrcvasses 
from  side  to  side,  and  we  would  expect  the  addition  of  a  vigorous  thrust  to  such  rapidly- 
aoving  glaciers  to  push  their  fronts  rapidly  forward.  Opposing  this,  however,  is  the 
tidsl  eonditiaai  of  the  gladers»  owing  to  wbSA  advance  unler  a  forward  thrust  wmdd 
be  reduced  by  kAt/tg  fonuatioDU  espedaUy  if  a  grounded  leader  front  were  pushed  far 
enough  forward  to  float,  or  if  the  glacier  terminus  is  already  afloat.  Another  difference 
between  the  tidal  and  non-tidal  glaciers  worthy  of  mention  in  this  connection  is  that  an 
advance  in  the  former  could  not  be  detected  by  crevassing  alone,  as  it  might  be  in  a  non- 
tidal  glacier,  })ecause  their  surfaces  are  already  crevassed  as  much  as  is  possible.  For 
evidence  of  change  in  such  a  glacier  in  response  to  the  earthquake  shaking  one  would 
lave  to  depend  upon  netual  advance  of  the  hcmt,  and  upon  dumges  along  the  maigin. 

Wheii  ooe  of  tiie  tidal  gladefs  dose  pudi  forward  it  win  be  a  matter  of  great  interest 
to  obeerve  the  nature  of  the  change  not  only  because  of  the  differences  in  condition,  as 
compared  with  those  advancing  glaciers  already  observed,  but  also  as  an  indication  of 
the  extent  to  wliich  it  is  possible  for  these  large,  vigorous  glaciers  to  advance  l)y  this 
cau&e.  It  may  have  a  distinct  bearing  on  the  interpretation  of  earher  changes  of  great 
extent  to  which  the  glaciers  of  this  r^on  have  been  subjected.  That  these  gladers 
hare  not  yet  advanced  need  not  necessarily  be  inteqireted  as  indication  that  they  will 
not  do  so.  They  are  all  long  f^aders*  with  many  tributaries,  and  it  is  rsasraable  to 
expect  that  a  considerable  period  of  time  must  di^Me  bdore  they  respond  to  the  down^ 
shaking  of  snow  and  ice  in  their  remote  reservoirs.  This  is  perhaps  less  true  of  the  Turner 
than  of  the  Hubbard  and  Nunatak  glaciers,  but  even  the  Turner  is  one  of  the  lonjrest  and 
most  vigorous  of  the  glaciers  of  Yakutat  Bay;  indeed,  judging  from  the  discharge  of  ice- 
bergs from  its  front  it  is  more  vigorous  than  the  Nunatak  Glacier.  It  is  of  course  possible 
thai  neither  Turner  nor  any  of  the  other  great  gladers  may  ever  advance  notably,  not 
hecanae  of  leilure  to  receive  great  additi<ms  of  snow  and  ice  to  their  reservoirsbyaval^^ 
ing,  for  this  is  inoonceivable,  but  by  reason  of  minor  reqwnses,  due  to  thrusts  from  indi- 
vidual tributaries  at  different  times,  dissipating  the  encrgj'  of  the  thrust  that  in  other 
glaciers  has  been  concentrated  in  one  great  spasmodic  advance.  Wliile  such  a  condition 
is  a  possibility,  it  is  hardly  probable  and  we  feel  warranted  in  predicting  that  in  time  the 
Turner  and  other  tidal  glaciers  of  the  Yakutat  Bay  region  will  in  all  probability  show  in  a 
Tt^otIh*  way  the  result  of  such  an  advance.  It  is  to  be  hoped  that  when  this  does 
oeenr,  eone  observer  wOl  be  on  hand  to  witnees  its  nature  and  extent. 
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Haenke  and  Miller  Glaciers 

General  Description.  Immediately  north  of  Turner  Glacier,  and  between  it  and  Hub- 
bard Glacier  are  two  much  smaller  glaciers,  each  of  whidi,  however,  is  a  great  deal 
larger  than  Galiano  Glacier.  The  siouLherumost  of  these  has  been  named  Ilaeuke,  the 
other  had  no  name  until  noir.*  Both  of  these  gladen  hm  their  eonioeB  in  muneraai 
mail  tributaries,  some  ct  them  cascadings  ivfaidi  ate  fed  fnm  the  extensive  snowficUs 
that  cover  the  lofty  mountains  to  the  northwest  of  the  head  of  Diaendiantment  Bay. 
Haenke  Glacier  is  the  longer  of  the  two,  its  grade  is  also  steeper  than  that  of  its  neii;hf>or, 
and  it  is  set  more  deeply  in  its  valley.  Both  are  normal  valley  glaciers,  and  until  lf>06 
both  extended  almost  to  the  ends  of  their  valleys,  but  failed  to  reach  the  fiord,  from  which 
they  were  separated  by  alluvial  fans  built  by  the  streams  to  which  tlieir  melting  gave 
birth.  In  each  case  the  strip  of  alluvial  fan  was  a  half  mile  to  a  mile  wide,  measured 
from  the  glacier  fhmt  to  the  fioid,  and  the  fans  proved  concluiively  that  tfaeae  ^aden 
had  not  recently  been  tidal,  fornuuiy  years  must  have  been  required  to  bcdld  sodi  broad, 
perfect,  alluvial  fans.  Although  they  appear  in  the  photographs  of  previous  ex]>editioiis, 
these  glaciers  had  not,  until  WOG,  attracted  enough  attention  in  this  region  of  much 
larger,  more  accessible  glaciers,  to  have  been  given  descriptions  or  even  names. 

From  the  photographs  taken  prior  to  1906  it  is  perfectly  clear  that  in  1891,  1899  and 
1905  these  two  glaciers  were  essentially  stagnant  at  their  lower  ends,  which  were  covered 
with  an  extensive  waste  of  blade  shale  aUatlon  moraine^  much  as  BbwfcCrladerstilliB. 
Far  up  the  mountain  valky,  in  each  case,  there  was  abundant  crevassing,  and  in  the  iqjper 
rcachca  of  eadi  there  was  evidence  of  distinct  activity;  but  for  two  or  three  miles  fnm 
the  fronts  of  the  glacrars  there  were  no  crevasses  that  could  be  seen  from  the  dislanne 
at  which  these  glaciers  were  observed  and  photographed. 

Advance  oj  Miller  Glacier.  In  1005.  Miller  Glacier  showed  some  crevassing  which 
we  interpreted  as  a  possible  evidence  of  an  advance,  and  this  tentative  conclusion  was 
strengthened  by  the  fact  that  the  front  of  the  glacier  on  the  1005  photographs  from  Haenks 
Island  was  apparently  farther  fonnud  than  in  the  1800  photographs.  We  thenfoie 
iRote  in  the  tilt  dntft  of  this  rqiort,  as  folIows^~**It  is  poaaihie  that  betv^ 
and  1905  this  j^ader  had  undergone  an  advance  as  a  result  of  earthquake  '**^"gi  and 
that  by  the  latter  year  its  effects  had  been  so  healed  by  ablation  as  to  he  no  longer  notice- 
able. Possibly  had  we  been  on  the  outlook  for  evidence  of  suc-h  an  advance  in  1905,  and 
had  then  been  as  familiar  with  the  effects  of  an  advance  as  we  are  now,  we  might  have 
detected  it." 

We  have  subsequently  obtained  posseesimiof  a  photograph  takenbyEnsignC.R. Miller 
inl901,inwhidiitiicleariyevideDtthatinthe  early  inmmer  of  that  year  Bli^  <3ader 

was  profoundly  crevassed,  quite  in  contrast  to  its  condition  in  1890  and  in  1900.  Hiere 
ctai  be  no  question,  therefore,  but  that  between  1899  and  1901  Miller  Glacier  was  trans* 
formed  by  crevassing,  and  that  between  1901  and  1905,  ablation  had  so  reduced  the  cre- 
va^ssing  that  it  could  not  bo  certainly  proved  by  photographs  alone.  It  thus  seems  to 
fall  in  the  series  of  advancing  glaciers  of  the  Yakutat  Bay  r^on,  and  about  in  the  posi- 
tion in  that  series  in  whidi,  from  its  small  size,  one  would  be  Indined  to  place  it-'^tfiat  it 

>  To  it  we  propoae  to  give  the  name  Miller  Glacier  after  C.  B.  Miller,  who,  in  charge  of  a  U.  S.  Fish 
ConaiaioD  wpeditke  to  1901,  took  tko  photoffiph  bvm  vfakb  ««  kave  bsoi  OHiUsd  to  dboovw  iai- 
poftwit  qiitods  in  Hs  Usloiy. 
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in  the  Galiano  series,  early  responding  to  the  earthquake  shaking.  Like  the  Gahano,  it 
must  have  advanced  within  less  than  two  years  of  the  earthquake  of  September,  1899. 
This  evidence  leads  us  still  more  strongly  to  the  belief  that,  in  all  probability,  other  small 
giMien  of  tfaos  region  paaMd  thvoogh  a  cgrefe  of  advance  prior  to  1900,  and  ao  long 
bcfoie  H  tliai,  aa  in  the  case  of  Hm  MUler  and  Galiano  Glacien,  Uie  eviteoe  of  the  ad- 
vance was  quite  hidden  by  the  effect  of  ablation  before  the  period  of  our  first  studies,  in 
1905.  We  look  upon  the  discovery'  of  the  evidence  of  this  advance  of  Miller  Glacier, 
the  time  of  which  can  be  so  dcGuitcIy  determined,  and  which  falls  so  appropriately  in 
ita  plac-e  in  the  series  of  advancing  ghiciers,  as  one  of  the  most  striking  confirmations 
of  tlie  theoiy  of  earthquake  cause  for  advance  which  has  so  far  been  discovered. 
It  it  Tafaiabie  oonfinnatkm  of  a  theory  ivhen  an  expected  phenomenon,  predicted  under 
the  theoay,  can  be  proyed  to  have  oecuired* 

It  is  further  noteworthy,  that  the  advance  and  transformation  of  Miller  Glacier  was 
less  extensive  than  that  of  the  neighboring  Haenke  Glacier.  This  al.so  is  expectable  under 
the  theorj',  for  witli  its  small  size,  upon  which  its  early  advance  depended,  a  more  moderate 
advance  should  result  than  that  of  the  much  larger  and  more  slowly  responding  neighbor. 
The  1901  photograph  does  not  show  the  exact  end  of  the  newly  crevassed  glacier  so  tiiut 
we  cannot  now  state  iriiem  it  temunated, 

A4mmtimg  Etmkt  Okmtr*  Onr  evidence  of  an  advance  d  Haenke  CHaeier  is  even 
more  complete  than  that  of  Miller  Glacier,  for,  between  August,  1905,  and  June,  1906, 
it  had  undergone  a  complete  transformation  as  was  demonstrated  by  actual  observation. 
The  undulating,  uncrevassed,  moraine-covered  surface  of  190o  was  in  1906  transformed 
to  a  perfect  labyrinth  of  crevasses,  while  clear  ice  appeared  here  and  there  thmughout 
the  glacier  from  as  far  back  in  the  mountains  as  we  could  see  down  to  its  front.  The 
Haenke  Glader  in  1906  was  aa  badly  crevaseed  as  the  Atrevida,  but  there  was  less  dear 
iee  abamng,  probaUy  heoanae  of  the  shnr  rate  of  ablation  here  where  the  snow-oovered 
moiuitaine  in  the  background,  the  ice-covered  fiord  in  front,  and  Turner  and  Hubbard 
Glaciers  on  either  side,  give  rise  to  a  local  climate  that  is  much  cooler  in  summer  than  in 
any  other  part  of  tlie  coast  of  Yakutat  Bay.  This  was  proved  by  the  presence  of  snow 
which  covered  the  alluvial  fans  in  this  section  in  July,  the  only  part  of  the  coast  of  this 
inlet  where  snow  remained  near  sea  level.  The  crevassed  surface  of  the  glacier  was,  in 
CQnieqpienoe>etineo  black  with  dd»bt2utt  even  in  Angnst  we  were  unable  to  fccu^ 
pliotogiaphe  hem  a  dietance. 

That  tiie  broken  glacier  had  also  been  notably  thidcened  is  proved  by  a  comparison 
of  photographs.  It  can  be  seen  in  the  earlier  photographs  (PI.  XLI,  A)  that  Haenke 
Glacier  descends  over  an  increased  slope  just  as  it  reaches  the  mountain  front  and 
that  its  lowermost  portion  rests  on  the  face  of  this  slope  and  spreads  with  decreased 
slope  just  beyond  it.  This  condition,  which  closely  resembles  that  of  Turner  Glacier,  is 
interpreted,  in  the  same  way,  as  a  lesolt  of  the  foot  that  Haenke  vaUcj^  is  a  hanging 
vsllcyinitsielationtoDisndiantnietttBasr.  In  1006  this  increased  sfepe  was  brought 
out  with  far  greater  deamess  partly  because  the  glacier  front  extended  further,  but 
largely  because  the  amount  of  ice  on  the  sloi)e  had  been  greatly  increased.  The 
Racier  surface  rose  much  higher,  both  above  the  hp  of  the  ice-buried  hanging  valley 
and  on  its  frontal  slope.  At  the  point  where  the  glacier  slope  changes  in  passing 
over  the  lip  of  the  hanging  valley  was  found  the  greatest  development  of  crcvassing  and 
the  greatest  amoont  of  dear  ice. 
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Tlie  most  remarkable  feature  in  the  trau^iormatioa  of  Uaenke  Glacier  was  tke  advance 
oi  ite  fkont  completely  acroM  the  ftingiiig  alltmtl  Imi  to  the  ma.  At  the  tune  ttaie  it 
eipaiided  ktenl^,  aa  Turner  Glacier  does,  with  two  wingJike  ends,  oiie  pointing  north- 
ward, the  other  sottthmid.  The  latter  wing  coalesced  with  the  north  wing  of  Turner 
Glacier,  thus  forming  a  continuous  ice  <diff  liom  the  southern  tip  of  Turner  Glacier  to  the 
northern  end  of  Ilaenke  Glacier,  adding  nearly  a  mile  and  a  half  (PI.  XXXVI)  to  the  ice 
cliff  that  had  existed  here  ten  montlis  earlier.  Although  this  new  ice  front  was  com- 
pletely tidal  there  was  not  an  active  discharge  of  icebergs  from  it,  possibly  because  of 
the  fact  that  the  front  stood  in  very  shallow  water,  resting  on  aDnvial  deposits  previously 
laid  down  by  the  glacial  stream  that  formed  the  destwyed  alluvial  fan.  Some  icebergs 
nefe  boiiig  diacfaaiged,  however,  and  llie  Racier  ftont  was  every  whete  n  itsqp  diffs 
but  for  the  most  part  it  was  so  stained  by  the  black  shale  moraine  that  clear  ice  appealed 
in  it  only  in  small  patches  where  fragments  had  recently  fallen  (PI.  XL,  B). 

The  forward  movement  of  Haenke  Glacier  carried  its  front  at  least  4500  feet 
farther  out  than  it  had  stood  ten  months  before  (PI.  XXXVI),  and  the  terminus  of  this 
glacier  experienced  a  much  greater  actual  forward  movement  than  any  of  the  glaciers 
that  advanoed  in  1906,  but  not  neaxi^-  so  great  as  the  Hidden  Glacier  between  1900  and 
1900.  This  greater  forward  thrust  <^  the  front  may  be  due  enlinly  to  the  SBmao^  in 
conditions  surrounding  the  terminus.  The  other  three  advancing  gladers,  the  Marvinob 
Atrevida  and  Variegated  (and  also  the  Galiano)  tenninate  in  escpanded  piedmont  ioe 
bulbs  in  which  the  movement,  thickening,  and  breakage  resulting  from  the  tlirust  dissi- 
pated itself  without  accomplishing  a  large  measure  of  forward  motion  of  the  glacier  fronts; 
but  Haenke  Glacier  (and  also  tlic  Hidden)  had  no  such  expanded  bulb,  and  the  thrust, 
even  though  of  less  degree,  being  concentrated  on  a  front  only  slightly  broader  than  the 
▼alley  glacier  Hadf,  natuzaOly  pushed  it  forward.  It  it  to  be  pointed  out,  however,  that 
a  part  of  tiie  advance  of  Haenke  Glacier  may  be  only  iqiparenit,  for  it  is  pooiilile  Hint  n 
stagnant  ice  mass  underlay  the  fringing  alluvial  fan;  but  we  have  no  proof  that  this  was  so. 

Haenke  Glacier  from  1900  to  1913.  Like  the  Atrevida  Glacier,  the  Haenke  since  1906 
had  been  so  healed  by  ablation  tliat  from  a  distance  one  would  not,  in  1909,  have  sus- 
pected that  it  had  so  recently  been  broken  into  impassable  condition.  The  spasmodic 
advance  cannot,  therefore,  have  lasted  much  longer  than  the  summer  of  1906,  if  indeed 
it  had  not  ceased  hy  that  time.  All  the  crevasses  were  hMden  and  the  surface  was  once 
more  completebr  covered  from  side  to  side  from  the  front  fur  up  into  the  vaUegr,  with  a 
anifoim  sheet  of  black  sliale  ablation  moraine.  The  suifooe  was,  periiaps,  aomeiwiiat 
more  hummocky  than  in  1905,  though  it  is  impossible  to  prove  tiiia  from  the photogn^llli^ 
in  which  the  condition  of  1905  and  1000  seem  almost  the  same,  thowfljh  in  oach  ywtr THIltjy 
different  from  the  condition  in  the  intermediate  jK'riod  of  1906. 

The  front  of  tlie  glacier  was  apparently  not  so  far  out  as  in  1906,  and  it  certiiinly  was 
no  longer  tidal  (PI.  XLI,  B);  but  it  still  possessed  a  debris-stained  cliff  throughout 
piacticaUy  its  entire  front.  At  the  base  of  this  diff  nomeroos  dftbru  cones  and  aome 
small  alluvial  fans  had  formed,  the  former  iHiere  BM»atne  had  slid  down  the  ice  fxcmX, 
the  latter  where  streams  emerged  from  the  glacier.  There  were  no  appreciable  changes 
between  1909,  1910,  and  1913.  The  short  time  that  the  glacier  was  tidal  is  proof  of 
the  conclusion  reached  in  1006  that  the  ice  ciif?  rested  in  shallow  water.  It  seems  safe 
to  predict  that  the  present  ciilf  will  soon  disafjpcar  as  the  result  of  ablation,  and  that  an 
extensive  alluvial  fan  will  eventually  again  develop  and  fringe  the  glacier  front.  The 
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glacier  still  expanded  outside  its  mountain  valley,  as  Turner  Glacier  does,  hut  the 
aonthem  wing  seemed  in  1910  and  1918  to  no  longer  unite  with  the  northern  wing  of 
Ifce  Tamer,  u  H  did  in  1006.  We  could  not,  hornvnt,  be  cerUin  ol  Hub,  nnee  the 
Hifldn  tip  CKtendi  in  beUnd  the  Tomer  and  may  be  ^ 

The  dufflces  in  Haenke  Glacier  thus  agree  with  those  observed  in  the  other  glaciers 
which  have  advanced  under  the  influence  of  earthquake  shaking.  The  advance  was 
abrupt,  spasmodic  and  extensive,  and  it  was  completed  in  a  very  brief  period.  After 
being  observed  in  the  summer  of  1906  the  glacier  evidently  advanced  little  if  any  more, 
and  since  then  ablation  has  proceeded  with  such  great  rapidity  and  effectiveness  as  to 
beal  tbe  creraneB  that  the  iipaianodie  advaaoe  prodnoed.  The  notable  advanee  of  the 
front  has  not  been  connterbalaneed  by  recession,  and  cannot  be  for  many  years. 

We  ham  given  this  glacier  less  thorough  and  close  study  than  the  other  advancing 
glaciers,  partly  because  of  the  difficulty  of  reaching  it  through  the  icebergs,  but  largely 
because  prior  to  1906  it  had  not  presented  phenomena  of  sufficient  interest  to  warrant 
description  and  photographing  from  sites  close  enough  at  hand  to  permit  more  detailed 
comparative  observations.  As  compared  with  the  other  glaciers  that  advanced  in  1906 
it  It  of  intfltett  primaiQy  beoanie  of  the  Toy  notable  forwaid  thmit  of  ita  front,  irhicli, 
q»  to  the  time  of  our  obaer?ationf  on  Hidden  Glader  in  1000,  waaqoiteiinpreoedented 
in  amoont  and  rapidity.  It  is,  therefore,  nther  onfofftnaate  tiiat  we  have  no  leoud  of 
tiM  cflEaet  pontion  of  ito  front  before  1006. 

Hubbard  Glacieb 

General  Description.  Hubbard  Glacier  (PI.  XLIT),  one  of  the  lan?est  and  grandest 
tidal  glaciers  on  the  North  American  continent,  enters  Yakutat  Bay  at  the  head  of 
Disenchantment  Bay.  No  photograph  or  description  can  do  justice  to  the  magnihcence 
of  this  Taat  ioe  atnam,  iHiidh.  having  its  aouroe  far  back  among  the  fliow^«ove«ed 
BKMurtains,  flows  with  afanoat  no  stain  of  dfhrbt,  as  a  pinnarfffid  and  crevassed  flood  of 
pore-white  ice,  deeply  set  in  the  mountain  valleys,  among  lofty  snow-capped  peaks,  and 
terminates  in  a  lofty  ice  cliff  from  which  ioebeigs  are  almost  constantly  falling.  From 
every  part  of  the  fiord  from  which  this  glacier  is  visible  it  dominates  the  scene;  yet,  even 
when  looking  upon  it  from  tlie  most  favorable  viewpoint,  and  far  more  when  looking 
upon  a  mere  photograph  of  it,  one  cannot  realize  its  size,  for  it  is  set  in  a  mountain  scene 
of  audi  mpaasing  grandeor  that  even  andh  a  ^ader  is  dwarfisd  by  comparison.  Hoir 
lugb  it  ia  in  reality  may  be  inferred  horn  the  photognqgli  of  the  leader  front  on  wliidi 
ia  drawn  to  scale  the  M—*>«8»  Temple  in  Chicago  (PI.  XUH,  A),  and  from  the  map 
which  compares  this  lower  part  of  Hubbard  Glacier  with  the  frliole  of  the  Aletsch,  Mar 
de  Glace,  and  Rhone  Glaciers  in  Switzerland  (Fig.  6). 

Hubbard  Glacier  '  has  a  total  known  length  of  twenty-eight  miles  along  the  north 
tnbutar^',  and  is  doubtless  much  longer,  perhaps  heading  over  forty  miles  to  the  north 
on  a  through-glaeier  divide  idfth  the  Kaskawulsh  Glader  north  of  the  Si.  Eliaa  Banga. 
Bewdes  this  north  ice  tongoe  thete  Js  a  broad  tiibntaiy  vdioae  lower  twelve  and  a  half 
mileaiian  that  has  been  seen  by  man;  and  there  are  two  much  narrower  tfibntaraes  eadi 
at  least  twelve  miles  long,  five  other  branches  each  over  five  miles  long,  and  scores  of 
amaDer  tiibiitaries.  The  Hubbard  Glader  ^stem  indudes  over  100  miles  of  known 

>  Mwlia.  UwisasiblhsBiibbsidGhda;  AhAi.  Ftapdsr  SdoeB  UonOlf,  YoL  IXXVl  im  pp.  109^. 
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yaSLey  glaeiets  lazger  than  most  of  thoM  in  the  Alps  and  Hum  is,  in  addition,  a  my 

large  unknown  area. 

The  front  of  Hubbard  Glacier,  measured  in  a  straight  lino,  is  3J  to  4  miles 
wide  (PI.  XXXVI);  but  since  the  ice  cliff  has  a  sinuous  form,  with  projections  in  the 
center,  it  is  in  reality  much  longer  than  this,  the  total  length  being  between  4}  and  5 
milea.  Tins  cliff  rises  between  850  and  SOD  feet  aboiw  the  water  and  extends  an  unk^ 
distajMse  below  it.  One  vmuSSy  needs  to  wait  but «  few  momenti  to  hear  fnm  some 
pert  of  the  diff  the  thnaderiike  ramble  or  roar  nhidh  is  the  first  amioimoemeni  cl  aa 


Ftoe.  Thb  Lamm  Vmaim  or  the  Hubbabd  Oiocub,  With  Ttaam  OuuixmB 

or  THB  SwTsa  Avm  Sutehimposed  Upon  It. 


All  four  glaciers  are  drawn  upon  the  same  scale,  those  from  Switseriaiid  being 
■hown  from  the  aoowfields  to  tne  end  uf  the  ice  tongue.  The  coatait  cf  width 
•ad  kagth  of  thiBM  gkcien  in  Switurhitd  nnd  in  Abiuu  ia  notable. 

iodberg  fall,  followed*  lew  moments  kterbytheappearanoe  of  a  great  swdl  which»  ob 
ieadungthedhore»fbi!msaline  ol  white  bfeaken  even  at  »  distance  of  eeveral  miles 

from  the  ice  cliff.  By  watching  the  ice  cliff,  one  may  see  the  huge  masses  fall  from  the 
ice  front  and  a  fountain  of  water  dash  jwrhaps  even  to  the  top  of  the  glacier,  and  then,  in 
a  few  seconds,  liear  the  report  which  the  rending  of  tlie  glacier  sends  out.  One  is 
fascinated  by  the  performance;  sometimes  it  is  only  a  small  piece  that  falls  and  then  a 
sharp  single  report,  like  the  crack  of  a  pistol,  goes  through  the  air;  again  a  part  of  the 
front  crumbles  and  the  down-sliding  ioe,  broken  into  small  pieces,  aems  from  a  distance 
like  a  foimtain  of  water  iHule  the  rqwrt  Is  only  a  low  ramble;  at  other  ti^ 
break  away,  fonning  large  ioebogs,  and  the  noise  then  produced  is  Uke  the  heavy 
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ranble  of  diaUiit  fbimder;  and  *t  me  intervali  one  may  see  a  huge  mass  of  blue  or 
Ueek  ioe  thmsl  itnlf  up  from  below  the  fiord,  some  diitaaoe  Ikom  the  glacier  front,  aa  a 
part  of  the  submerged  ice  foot  ia  broJEMi  off,  aod  than  no  r^cnt  ia  bMBd,  but  tbe  wave 

that  follows  is  far  greater  than  usual. 

The  water  waves  which  follow  the  discharge  of  icebergs  from  the  front  of  Hubbard 
Glacier  are  of  great  magnitude.  In  September,  1913,  for  example^  the  steamship 
Primut  Mmgmmm  vaa  agnrand  on  a  iwf  juii  weft  of  Oder  liduid  irilik  tha  mem- 
ben  of  tiie  Lrternatwnal  Geokgieal  Coogieee  ^Ao  viiited  Takutat  Baj  under  the 
gekfamne  of  the  junior  author.  The  ship  lay  over  a  mOe  from  the  leader,  and  jnet  the 
water  wave  foUowing  the  disduurge  of  icebergs  from  Hubbaid  Glacier  caused  the  steamer 
to  roll  until  she  took  in  water  on  the  main  deck,  aa  first  one  aide  and  then  the  other 
was  tipped  far  dowTi  by  the  iceberg  waves. 

There  are  periods  when  for  an  hour  or  two  there  is  very  little  discharge,  and  then 
periods,  fully  aa  long,  when  scarcely  a  moment  elapeea  without  the  eound  of  ioe-&Us 
feomeomepartof  tfaagladerlniit  ItiapoiHUetfaattheeediflereiioeeaveinaomowuy 
idated  to  the  state  of  the  tide^  but  wu  have  not  determined  whether  the  periods  of  quiet 
and  activity  form  part  of  a  regular  cycle  or  an  merely  irregular  intervals  due  to  accumu- 
lation of  strain  and  relief  from  strain  or  to  expansion  and  contraction  under  sunlight. 
While  there  are  periods  of  relative  quiet,  they  are  not  periods  of  absolute  repose,  and 
they  occupy  far  less  time  than  the  periods  of  activity.  Day  and  night  the  ice  falls  and 
the  reports  that  pass  out  through  the  air  are  so  frequent  that  it  is  {sir  to  speak  of  the 
ghder  as  ahnoet  ceaselessly  active.  The  noise  disturbs  one's  sleq)  at  first  and  sometimes, 
when  an  unusually  heavy  fill  occurs,  wakens  one  even  after  he  has  grown  accustomed 
to  the  ordinary  rumble.  A  sense  of  nervous  relief  is  felt  idien  camp  is  removed  to  a  pait 
ol  the  fiord  to  which  the  iceberg  roar  and  the  breakers  on  the  coast  do  not  reach. 

This  almost  ceaseless  activnty  of  iceberg  discharge  testifies  conclusively  to  the  activ- 
ity <A  the  glacier  behind.  To  supply  so  much  falling  ice  (Pis.  XLII,  XLIV)  there  must 
be  npad  movement  up  to  the  front.  The  broad  stream  of  floating  ice  that  stietcfaea 
thranghottt  Diseoehantment  Bay,  and  down  Takutat  Bay  to  a  distanoe  fully  14  mika 
from  the  glacier  front  (PL  L),  offets  liitther  testimoqy  in  tbe  same  diieetion.  And 
bade  of  the  ice  cliff,  where  the  surface  from  side  to  side  ia  shattered  by  an  impassable 
complex  of  yawning  crevasses,  sharp  ice  pinnacles,  and  seracs,  one  sees  almost  equally 
impressive  evidence  of  rapid  movement.  The  surface  of  Hubbard  Glacier  offers  a 
strong  contrast  to  that  of  the  slowly-moving  and  stagnant  ice  masses,  but  resembles 
Ur  eimdition  during  their  brief  periods  of  spasmodic  advance.  How  fast  the  ice  is 
DKmng  is  unknown,  for  no  observations  of  rate  have  yet  been  made,  but  all  facts  indi- 
cate that,  as  gladen  go,  it  is  a  veqr  lapidjy  moning  ice  sluiam 

CoDceming  the  reservoirs  whidi  supply  this  immense  ice  stream,  and  most  of  the 
tributaries  which  unite  to  form  it,  we  have  no  further  knowledge  than  that  sii[)plied  by 
the  Boundar>'  Commission  map.'  According  to  this  map  the  sources  of  the  Hubbard 
Glacier  are  far  back  among  the  lofty  mountains  of  the  St.  £Uas  range,  and  probably 
inan  iee-Aooded  area  similar  to  that  described  by  Russell  as  visible  from  the  upper  slopes 
ofMountSLEliaa.  No  one  has  yet  eaqpioced  this  region  and  the  dilBcultiea  in  the  way 
of  such  exploiation  are  great,  though  probably  not  impoanUe^  We  htm  been  able  to 
look  far  19  the  glacier,  and  as  far  aa  we  ooold  aee»  many  nuke  from  the  ooast,  there  is  a 
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broad  valley  filled  with  crevassed  ice,  and  bordered  by  lofty,  snow-clad  mountain  peaks, 
one  of  which,  Mount  Hubbard,  rises  to  an  elevation  of  1(5,400  feet  at  a  distance  of  30 
miles  from  the  Hubbard  Glacier  front.  In  the  absence  of  a  more  thorough  survey  we 
eaaao/t  be  oettain  of  fhe  kngth  of  Hubbud  Glacier,  but  tan  tbe  evidenoe  tiwt  we  haife 
tiie  diiitanoft  fram  its  tait  to  the  hmd  of  aome  of  its  tributuies  cannot  be  less  than  80 
miles  and  may  be  even  as  much  as  50  miles.  Doubtless  it  is  made  bj  the  union  of  manj 
tributaries  of  various  sizes  from  Mount  Hubbaid*  M^m'"*  Vancouver,  and  the  mountains 
bdiind.  It  is  probable  that  some  of  these  upper  portions  of  the  Hubbard  are  through 
glaciers,  feeding  not  only  the  Hubbard  but  also  glaciers  descending  to  the  inland  side  of 
the  mountain  range,  and  possibly  even  directly  connected  with  some  of  the  feeders  of 
Malaspiiw  Glacis  on  the  west,  as  they  are  known  to  be  with  Nunatak  Glacier  on  the 
eoat 

Hie  ooler  portion  of  Hubbard  Glader,  with  its  ioe  dill,  it  made  by  the  onion  of  two 

laige  arms,  one  from  the  direction  of  Mount  Vancouver  to  the  northwest,  the  other  and 
laiger  from  the  Mount  Hubbard  region  to  the  north.  The  northwest  arm  is  a  mile  and 
a  half  or  two  miles  \^nde,  the  nortii  arm  from  two  to  three  miles  vndc  where  it  emerges 
from  its  mountain  valley.  Witliin  the  area  visible  from  jwints  on  the  fiord  several  rela- 
tively small  tributaries,  extend  to  each  of  these  arms,  descending  the  mountain  valleys 
with  iteep  gmdea  and  in  aome  oaaea  aa  eaaeading  glaciers,  or  dae  witih  nmnading  ends 
jnst  above  their  junction  with  the  main  leader.  Althooi^  mall  in  oompanaMi  with 
the  two  main  arms  of  Hubbard  Glacier  sc\'eral  of  these  tributaries  are  comparable  in 
length  and  width  with  the  ordinary'  valley  glacier  of  the  Alps.  Each  of  the  main  arma 
of  the  glacier  has  a  moderate  grade  within  its  mountain  valley,  the  surface  slope  just  in- 
side the  mountains  being  estimated  to  be  about  5**;  but  where  they  emerge  from  the 
mountains,  and  just  above  where  they  coalesce,  the  grade  abruptly  increases  to  twice 
that  amount.  Aa  in  the  case  of  the  Turner  Glacier  this  steepened  slope  is  interpreted 
•a  the  result  of  tiie  fact  that  the  mountain  TaUcys  wiiidi  the  two  aims  ooeo^ 
in  relatiott  to  the  main  iiord  valley.  In  the  same  way  is  the  rairading  condition  of  the 
lower  ends  of  the  tributaries  to  the  two  arms  of  the  Hubbard  interpreted  as  a  result 
of  the  fact  that  these  tributary  vallcys  are  K^wgii^  above  the  valleys  in  wiudi  the  two 
main  glacier  arms  lie. 

Below  the  steepened  slopes  the  north  and  northwest  arms  unite,  forming  a  broad 
plateau  with  an  undulating  but  nearly  horizontal  surface,  broken  by  a  labyrinth  of  cre- 
vasses and  bnstling  vrith  ioe  pinnades,  and  faced  by  the  ioe  diff  alrsady  described. 
Whether  any  part  of  this  teiminus  is  afloat,  or  whether  it  all  rests  on  the  rockfloor  of 

its  valley  cannot  be  stated.  At  the  base  of  the  steepened  slope  the  ice  surface  is  only  a 
few  hundred  feet  above  the  fiord  level,  warranting  the  prediction  that,  if  Hubbard 
Glacier  should  retreat.  Disenrhnntment  Ray  would  be  extended  several  miles,  and 
jMt)bably  up  to  the  ba.se  of  the  steepentnl  slope. 

Both  the  two  arms  and  the  low-lying  ice  plateau  which  their  union  makes  are  remark- 
ably free  from  morainic  debris  (PL  XLVI).  This  is  in  the  main  doubtless  doe  to  the 
fiact  tliat  their  n^nd  motion  prevents  the  work  of  aUatkm  tan  proceeding  far  enoni^ 
to  concentrate  d£biis  on  the  suiflaoe  bdbre  reaching  the  tait,  where  both  ice  and  debris 
are  floated  away.  A  contributoiy  cause  for  the  absence  of  debris  is  the  broadness  of  the 
valleys,  by  reason  of  which  the  avalanches  in  the  lower  valley  portion  cannot  spread  out 
toward  the  center  of  the  glacier,  while  those  that  fall  higher  up  are  not  revealed  by 
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•bhtioa.    Anotiwr  cwwe  for  lh»  dean  wuftoc  Mthaabimdiineeol  cwiiriiiiM  into  whi^ 
rock  fragments  would  naturally  fall.   While  there  is  little  nonine  on  the  surface,  the 
abuadtOMBt  ctf  blacky  dirt-laden  icebergs  that  float  away  from  the  front  of  Hubbard 
!    Glacier  prove  that  there  is  much  debris  in  the  lower  layers;  and  on  the  border  of  each 
'    arm  there  are  well-defined  laterjil  moraines,  while  tlie  northwest  arm  has  also  a  medial 
DM>raine.    That  the  north  arm  has  no  medial  moraines  can  only  be  explained  by  its  rapid 
motioa  and  the  consequent  ineffectiveness  of  ablation,  for  it  is  inconceivable  that  so 
I   gmt  a  ghder,  iMading  10  ftf  badk  amcmg  lofty  mo^ 

of  suffident  mm  to  oontabute  notaUa  wapp^  of  madial  motaanie  d6bii8.  It  is  to  be 
noted,  howevar,  fiiat  close  by  each  lateral  moiailie^  and  <m|y  a  short  distanoo  out 
from  it,  is  a  moraine  ribbon  that  probably  represents  a  medial  moraine  of  soma 
tributan.',  pushed  to  one  side  by  the  dominance  of  the  other  arm  of  the  main  glacier, 
j  Of  the  two  large  arms  visible  from  the  sea,  the  northern  is  clearly  not  only  the  larj^est 
I  but  far  the  most  active,  and,  in  fact,  dominant  in  the  ice  plateau  that  is  made  by  the 
eoaleMing  ol  tha  two  anna.  Thm  an  aavaial  waaoM  for  laadiing  this  aonelmion. 
The  first  of  tliese  is  the  larger  aiaa  of  the  north  aim.  Even  more  noteworthy  than  this 
ii  the  posit&M  of  the  moraines  in  the  outer  ice  plateau.  The  two  arms  whidi  form  tha 
plateau  approach  each  other  nearly  at  right  angles,  but  the  dominance  of  the  nortli  arm 
is  made  apparent  by  the  fact  that  its  western  lateral  moraine  proceeds  in  fairly  direct 
ctjurse  to  tlie  fiord,  whereas  the  medial  and  lateral  moraines  of  the  northwest  arm  bend 
sharply  and  extend  to  the  fiord  parallel  and  close  to  the  lateral  muruiue  of  the  north  arm. 
Tha  northwwt  am  is  far  too  waak  to  deflect  the  lateral  moraine  of  the  north  arm,  bvl 
the  north  arm  k  strong  anomh  to  band  the  motaines  of  the  northwast  aim  at  n  light 
sagfe  to  the  course  which  they  were  fbUowiag  op  to  the  time  that  they  came  nnder  its 
iafluence  (FL  XLV). 

The  dominance  of  the  north  arm  in  the  terminal  ice  plateau  is  also  shown  by  the  pro- 
portion of  ice  which  it  contributes  to  the  terminus.  After  descending  its  steepened  slope, 
this  arm  fans  out  slightly,  and  at  the  glacier  front  supplies  the  ice  for  fully  two-tliirds  of 
the  ice  cliff.  This  condusion  is  based  upon  the  distance  between  the  eastern  lateral 
aDwinaandthaniotainawfaidioiMiaadoiwnfkomtihanotthiwstaim,  Wo  estimate  that 
the  width  of  the  ioe  front  dominated  by  the  north  arm  is  fully  one-half  greater  than  the 
WNfth  of  tiia  north  ann  whsaa  it  cinargos  inm  its  numntain  valky  over  tha  staspcnad 
dope. 

In  addition  to  these  evidences  of  the  dominance  of  the  north  arm,  the  northwest  arm 
furnishes  proof  of  its  own  weakness.  It  has  much  more  moraine  on  its  surface  than  the 
north  arm,  including  a  medial  moraine,  and  this  is  interpreted  as  the  result  of  its  slower 
iMtipn  and  tha  Msolting  greater  eileetivanass  of  ablation.  Farthaimon»  tha  northwast. 
sna  ssama  to  have  a  buiied  inagnlarity  of  tha  vaiky  ioor,  vovaalad  by  a  slight  bulga 
^ere  the  glader  oomes  out  of  its  l»«Bfl'«'g  valiey.  Tha  dMuu-ooveiad  ioe  below  the 
bulge,  for  which  there  is  no  visible  sowoe^  sofigests  a  ledgo  nsar  the  surface,  for  this  is 
the  only  dirty  fM)rtion  of  the  glacier  away  from  the  moraines  and  may  lip  seen  in  earlier 
photographs  by  Russell  and  GiU)crt.  Its  character  is  seen  well  from  near  Turner  Glacier, 
Since  this  area  occurs  out  in  the  glacier,  at  some  distance  from  the  margin,  it  is  inter- 
pieted  as  eividence  that  the  ice  in  the  northwest  arm  of  Hubbard  Glader  is  not  as  tiuek 
whsa  it  passes  over  its  steepened  slope  as  the  north  arm  is  on  its  hanging  vaDsy  fip. 

Tk^SotOiMufem  Margin,  Flsrt|y  because  of  the  inteiestinglMnca  which  it  pfesant«» 
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and  partly  because  of  its  relatkm  to  Variegated  Glacier,  the  eastern  margin  of  the  Hub- 
bard Glacier  was  studied  in  some  detail  in  1905;  and  in  view  of  the  fact  that  notable 
changes  had  taken  place  when  we  studied  it  again  in  1009,  its  characteristics  will  be 
stated  here  in  some  detail.  Within  the  area  of  observation  this  margin  may  be  divided 
into  tiinee  portions,  an  upper,  middle  and  lower  portion. 

Li  the  upper  povtioii*  whidi  lies  within  and  just  outside  ol  the  mountain  TsDsgr,  liMW 
is  a  bonier  of  lateral  motaine  of  consideiafale  bveadtb,  which  near  the  veiy  maigui  Is 
so  thick  that  most  crevasses  are  filled,  making  it  possible  for  one  to  travel  over  the  sur- 
face. But  a  short  distance  out  on  the  ice  the  surface  becomes  badly  crevassed  and 
the  moraine  much  thinner.  Between  the  glacier  and  the  mountain  there  is  a  marginal 
valley  in  which  a  small  stream  flows,  and  this  is  continued  westward  by  a  low,  undulating 
depression  in  which  lie  several  marginal  lakes  (PL  XLVII,  B.)  This  depression  is  an 
Intedbbate  ana  betweoi  the  Hubbard  and  Variegated  Glaciers*  and  its  ovier  portion* 
where  the  two  glaciers  coalesee,  is  undedaid-by  icse. 

Below  the  depression,  lor  a  distance  of  about  two  miles,  the  Hubbard  and  Variegated 
Glaciers  are  united  and  one  cannot  state  exactly  where  the  line  between  the  two  should 
be  drawn  (PI.  XLII).  Nevertheless  it  is  perfectly  plain  that  all  but  a  very  small 
area  along  the'  exact  boundary  is  to  be  assigned  to  one  or  the  other  of  the  glaciers.  This 
is  made  evident  by  the  character  and  distribution  of  the  moraines.  Hubbard  and 
Vansgsted  Gladens  approadi  eaefa  other  at  vmj  nearly  ri|^t  anglesi  but  Variegated 
Glacier  spreads  out  in  a  broad*  stagnant  bulb,  eovered  with  moraine  boat  side  to  side, 
while  Hid>bard  Glado*  pumues  its  course  to  the  sea  as  a  vigorous,  activdy-moving  glacier, 
uncrevassed  and  moraine-covered  only  on  the  very  margin.  The  marginal  morainic 
ribbons  on  the  Hubbard  bend  as  if  the  Variegated  dominated;  but,  in  view  of  the  stag- 
nant state  of  the  Variegated,  this  cannot  be  the  case  and  we  must  assume  that  the  Hub- 
bard is  set  in  a  valley  of  sufficient  ^epth.  to  deflect  it  westward  and  prevent  it  from  in- 
vading the  area  occugned  by  the  stagnant  Vaiisgated,  toward  wfaich  it  is  diveded  m\wm 
It  cones  from  its  mountain  valley.  On  the  two  sides  of  the  area  of  coaleooenoe  the  mo- 
raines are  whcdly  different.  On  the  Hubbard  side  there  are  bands  parallel  to  the  direc- 
tion of  ice  motion  toward  the  fiord  and  in  these  morainic  bands  fragments  of  red  gneiss 
are  sufficiently  predominant  to  give  tlie  moraine  color;  but  on  the  Variegated  side  the 
ribbon  appearance  is  absent  and  in  its  place  there  is  a  confused  waste  of  ablation  moraine 
blackish  in  color  because  of  the  great  abundance  of  black  hornblende  gneiss  fragments, 
and  with  a  roughly-cresoentu:  baaing  iq)parent  when  viewed  Innn  a  distancoi 

There  is  a  noteworthy  differeuoe  In  ^aeier  oooditaon  on  the  two  sides  of  the  aien  ol 
junction  of  the  Variegated  and  Hubbard  Glaciers.  Where  the  two  unite  the  glacier  sur- 
face is  so  deeply  covered  with  moraine  that  the  ice  is  in  large  part  hidden,  though  it 
appears  here  and  there  in  crevasses  and  in  cliffs.  The  emercence  of  springs,  the  abun- 
dant evidence  of  slumping  of  the  moraine,  and  the  general  absence  of  vegetation  all  testify 
to  the  presence  of  ice  beneath  those  areas  in  which  no  ice  is  visible.  Usually  we  could 
also  pioTe  the  edstenoe  of  ioe  in  sudi  plaoea  Iqr  thrusting  our  ice  am  down  to  it  th^ 
the  morainic  veneer  (Fi  XLVII,  A).  The  irregular  protection  which  the  nuwame  cover 
offers  to  the  underlying  ice  here,  as  elsewhere,  gives  rise  to  the  development  of  hillodcs 
and  ridges,  with  intervening  kettles  and  valleys.  This  condition  of  the  glacier  extends 
not  only  over  the  junction  of  the  two  glaciers,  but  also  southward  over  the  stagnant 
outer  bulb  of  the  Variegated  Glacier. 
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Toward  the  north,  on  the  other  hand,  in  the  region  dominated  by  the  northern  arm  of 
11wHiii)lMn]«tlwoQndi1ioiiUiilioitydi^^  CwvuMsa|^>ear,  the  motaiiw  no  longer 
fomis  a  oootiinMNia  eov«r  but  enste  in  zSbbons  with  intenreniiig  aiteu  of  wtial&niy  dean 
iot,  and  in  a  veiy  few  yards  the  ^bder  smfaoe  becomes  quite  impassable.  Beyond  lies 
the  great  sea  of  clean,  white,  crevassed  and  pinnacled  ice.  contrasting  strikin^^Iy  \\'ith 
die  undulating  black  moraine  of  the  Variegated  Glacier.  There  is  much  variety  in  detail 
in  tliis  zone  of  af■ti^■e!y-n^oYing  marginal  ice  of  the  Hubhard.  For  example,  at  one  point 
the  broken  ice  forms  a  pronounced  dirt-covered  ridge  rising  above  the  neighboring  clear 
iee.  HeM  the  hyen  aie  steeply-im^ned.  and  it  is  evident  that  hmer  ditt»n»<hai|{ed 
hym  have  been  uptumed  and  that  the  dttais  hai  bo  protected  the  broken  ioe  from 
^•ti*n  that  it  stands  up  as  a  prcmunent,  crevassed  isdge.  Here  and  there  are  small 
ponds  on  the  ice  surface,  and  everywhere  there  is  great  variety  in  the  crevassing.  One 
very  notable  feature  in  1905  was  the  presence  of  a  saucer-shaped  depression,  fully  250 
yards  in  diameter  and  100  feet  deep,  in  the  actively-moving,  crevassed  ice,  giving  a  local 
down-stream  ascent  to  a  part  of  the  glacier  surface  just  beyond  the  steep  descent  from 
the  mowntain  valky.  TInr  are  other  undnlatioM  ol  the  marginal  rorfaoe  nhkh.  are 
itftoiineted  as  indieationB  that  the  glacier  is  iioiwing  oiver  an  in^^ 

Rom  Uds  desciqivtion  the  relations  of  the  Hubbard  and  Variegated  Glaciers  are  dear. 
TTiej'  coalesce  for  some  distance,  but  each  maintains  its  individuality  in  all  but  a  very 
narrow  strip,  and  one  is  vigorously  active,  the  other  quite  stagnant.  It  is  a  question 
whether  the  united  ice  mass  from  the  northwestern  margin  of  the  Hubbard  to  the  south- 
eastern margin  of  the  Variegated  ice  bulb  should  be  considered  as  one  piedmont  glacier. 
In  a  soMe  this  is  a  wanantod  intnpieUtioa  of  the  phonamena,  and  both  BosmU  and 
Gilbert  adapted  this  inteipntation.  and  CKtittded  tiw  name  Hubbard  GlaM 
not  only  the  activdbr>mo\'ing  ioe  bat  also  the  stagnant  Variegated  bulb.  We  are  in- 
clined, however,  to  confine  the  name  Hubbard  to  the  part  dominated  by  the  vigorous 
north  and  northwest  arms,  and  apply  the  name  Variegated  to  the  stagnant  piedmont 
bulb  which  it  has  formed,  because  tlie  two  glaciers  are  so  different  in  character,  and 
each  portion  is  completely  formed  and  dominated  from  a  different  source.  At  the  same 
1bm»  we  reoogniae  the  fact  that  tUs  entire  low-lying  ioe  mass,  oatdde  the  indindnal 
vaUegra  from  wUdi  the  supplying  gladeis  issue,  is  a  oontinnMis  ioe  plateau,  analogous 
to  a  piedmont  ^adcr,  thoi^  itself  within  a  mountain  vaUay.  In  this  sense  it  might  be 
warranted  to  give  a  name  to  the  ice  plateau,  as  in  the  case  of  Malaspina  Glacier,  and 
to  give  separate  names  to  the  throe  contributing  glaciers — the  northwest  arm,  the  north 
arm,  and  the  Variegated.  A  fourth  glacier,  the  Orange,  which  barely  coalesces  with  the 
Vaxi^ated,  is  to  be  classed  with  this  system.  (Certainly  at  no  veTy  distant  date,  as  is 
pioved  bgr  the  high-lying  moraine  tetxaee  and  the  marginal  drainage  diannfls,  these 
fpur  i^aeien  eontrihuted  to  the  formation  el  a  great  trunk  ^bcier  ^srhidi  flowed  oat  into 
BoBsd  Fknd  and  Disendiantment  Bay;  but  now  recession  has  proceeded  so  iar  that  the 
two  eastern  arms  are  so  separated  from  the  Hubbard  that  we  believe  it  beat  in  aoooedsnoe 
with  the  facts  to  treat  them  as  separate  glaciers  down  to  their  terminus. 

The  tlurd  portion  of  the  soutlieaslern  margin  of  Hubbard  Glacier  is  the  outermost  part, 
bqrond  the  point  where  the  glacier  turns  so  far  to  the  west  that  it  is  again  separated  com- 
pletdy  from  the  Vaiiesrted  bulb.  In  this  portioa  the  two  glaciera  are  separated  by  a  V- 
ihsped  TaDey  in  whose  bottom  a  small,  branching  glacial  stream  flows,  depositing  out- 
wadi  gravdi  (Fl  XLDQ.  From  the  sea  to  the  head  of  the  valley  the  distance  is  about 


108 


ALASKAN  GLACIER  STLDIES 


a  halt  mile,  and  at  its  head  the  undulating,  moraine-covered  ice  appears,  with  a-  | 
depression  })ctween  the  two  glaciers  for  several  hundred  yards  further.    On  the  south  i 
side  of  the  valley  rises  the  outer  portion  of  the  Variegated  ice  bulb,  here  low,  undulating, 
and  deeply  covered  with  moraine.    On  the  northern  side  (in  1005  and  1906)  the 
Hubbard  Glacier  rose  more  steeply,  but  still  with  low  enough  slope  so  that  one  could  I 
maSy  anend  it.  Moriimft  oooiplet^  ecmmd  this  waU  of  tiw  ^ader  and  no  ke  waa 
visible  in  H;  but  jnrt  north  of  it,  on  tlw  HuUMid  Glacier  aurfaoe^  the  monine  becamo 
thinner  and  more  crevassed,  and  in  a  diort  distance  one  came  to  the  normal  broken.  | 
surface  of  the  Hubbard.    This  moraine-covered  margin  extended  to  the  sea  and  there-  j 
rose  as  a  debris-stained  cliflF,  becoming  rapidly  higher  and  clearer  of  debris  toward  the  | 
west  until  the  normal  white  ice  chff  of  the  Hubbard  front  was  reached.    The  amount  ! 
of  crevassing  also  increased  away  from  the  margin,  and  with  it  the  amount  of  ice-  ' 
diadiaigiBd.  For  a  qvarler  of  a  mile  fram  the  ^ader  ma^n  Uie  dibiis-etained  loe  diff 
was  10  inadife  in  1905  and  1906  that  iceberg  diadiarge  was  practically  absent.  Only 
one  or  two  small  fragments  were  seen  to  fall,  and  the  area  of  dttntfrHrtaineddiff  face  wna 
far  greater  than  the  area  whitened  by  recent  falls.    Moreover,  there  was  pronoimced 
undercutting  of  the  ice  cliff  by  the  sea  water  which  proved  clearly  that  iceberg  dis- 
charge was  not  rapid.    These  facts  are  of  importance  by  contrast  with  the  condition  in. 
1909  when  an  advance  had  begun  along  this  part  of  the  southeastern  mar^n  of  the  Hub- 
baidGlader. 

Hvbbard  Olaeier  Brfon  Rmadtt  8h$die*.   In  1792  and  179A  Malaspina  and  Vancouver 
visits  Yakutat  Bay  but  tell  us  practically  nothing  specific  coneeming  Hubbard  Griacier. 
Malaspina's  map,  however,  and  the  description  by  Malaspina  and  Vancouver  were 
interpreted  by  Russell,'  Gilbert,^  and  Davidson '  as  pro\nng  that  Hubbard  Glacier,  joined 
by  Turner,  then  extended  southward  to  a  point  south  of  Uaenke  Island  and  five  or  six  : 
miles  south  of  where  it  ends  now.  The  auUiors  of  this  book  have  opposed  this  interptn>  I 
tatkm,*  beeaose  of  evidenee  fh»i  eadsting  vegetation  and  diocelin^ 
trine  deposita  and  of  abandoned  AoteBnea  in  a  large  pert  of  Bnssell  Fjord,  and  we  plsoea 
different  interpretation  upon  the  conditions  encountered  by  Malaspina  in  the  light  of 
existing  floating  ice  phenomena,  although  W9  leeogniae  the  presence,  lather  reoently,  of 
a  smaller  lake  in  lower  Rusijell  Fiord. 

In  Tebenkof's  Atlas  of  1848  the  chart  made,  as  Davidson  has  sliown,  by  the  Russian 
Booligin  in  1807  and  Lieut  Khromtchenko  in  1828  has  a  crescentio  ioe  fieont  a  Aott 
distance  nordi  of  Haenhe  Uand  and  a  lake  is  shown  m  BosseU  Fkwd.  It  is  five  or  ais 
miles  long  and  there  is  no  indqiendint  lake  now.  It  is  not  dissimilar  in  width  to  upper  | 
Russell  Fiord.  It  drains  southward  to  the  Fadfic  by  the  Situk  river  which  is  a  little  too 
long  on  the  map  and  which  now  rises  near  the  present  head  of  Russell  Fiord.  The  former 
glacial  lake  in  the  head  of  Russell  Fiord,  whose  shorelines  we  have  studied,  was  of  almost  , 
exactly  this  length  and  its  outlet  was  probably  the  Situk.  1 

The  front  of  Hubbard  Glacier  may  have  been  north  of  Haenke  Island  in  1888  and  the* 
expanded  Nunatak-Hidden  Glader  reached  the  south  part  of  Russell  Fiord  in  that  year 

1  Ru»ell.  I.  C,  Nat  Geog.  M«g..  Vol.  III.  1891.  pp.  67.  97-08;  ISth  Ann.  Rept,  U.  S.  GeoL  SoriKf .  \9M^ 

•  Gabert,  G.  K.,  Harrinmn  Alaska  Evji.  .litiori.  V.il.  Ill,  190».  p  70. 

•  Davidwo.  Gearge,  Tmu.  and  Froc.  Geog.  Soc.,  Paciiic.  iwyk,  p.  61. 
<  Ihir,  R.  8.  aad  MM.  U«noo«»  TIm  Fkwtioa  of  HdMi^ 

GMf .  806.  y«L  ZXXDE.  IMT.  lip.  1«»-1M. 
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and  no  conditions  of  vegetation  known  to  ua  are  opposed  to  this  interpretation.  The 
rapid  ntiwt  of  theaa  gheint  to  their  pment  pontknii  it  not  impoaaible,  judging  by  tlift 
niiid  ivliwt  of  NuiMtak  Glrar  6om  18M  to  im  ud 

Pacific  Glaciers  in  Glacier  Bay  a  mile  and  a  half  »yeftr*  from  1794  to  1912.  The  aboenoe 
of  shorelines  in  northern  Russell  Fiord  might  be  accounted  for  by  the  rapidity  of  retreat 
and  quick  sh  if  t i of  lake  leveb,or  by  ittattt  aouthwaid  instead  of  northward  aa  suggested 

in  a  later  paragraph. 

In  1888  Topham  reports'  that  "at  the  northeast  end  of  Yakutat  Bay  the  sea- water 
iowB  bdMid  tiifom^  a  aairoir  poMage  frequently  blodnd  by  ioe  into  a  lake  known  as 
DisffiirhaiitnigitBiy.  TlikbayisiaidtobeSOniilesloiigaiidtobesimoiiiidedbykig^ 

mountains  and  great  ^aders."  In  1890  Russell  went  far  enou^  north  of  Haenke  Island 
in  the  Concin  to  see  beyond  the  bend  into  Russell  Fiord  which  he  explued  to  tke  bead 
in  1891,  finding  Hubbard  Glacier  not  far  from  its  {)r('sonl  {xxsilion.' 

The  authors  are  still  of  the  o|)inion  that  Russell,  Gill)ert,  and  Davidson  mLsinlerpreted 
Malaspina's  map  and  description.  We  believe,  however,  that  Hubbard  Glacier  may  have 
crteaded  some  distance  farther  south  in  17M  than  now,  ending  nevertheless  north  of 
Haenke  Island  then  and  in  17M,  1807,  and  18SS.  Wo  an  indined  to  beUervo  that  the 
Bussell  Fiord  Lake  existed  as  recently  as  1823,  as  the  map  shows  specifically,  althoa^ 
tins  implies  that  an  east  branch  of  Hubbard- Variegated  Ghu  ier.  joined  by  the  Nunatak 
and  Hidden  Glaciers,  then  extended  over  twenty  miles  southeast  and  south  to  within 
sLv  miles  of  the  present  head  of  Russell  Fiord.  The  evidence  is  conehisive  tliat  this  con- 
dition actually  existed  in  a  very  recent  period,  and  it  may  have  been  as  late  as  1823. 

Tbit  Disnnrhantment  Bay  bifiireation  of  gudt  an  eapanded  iee  tongue  would  bo  far- 
ther back  in  IMS  than  the  RosseH  Fiofd  branch  because  the  latter  ended  temporarily 
in  besh  water  rather  than  salt,  but  soon  melted  back  and  was  dismembered  because  salt 
water  from  the  Disenchantment  Bay  side  got  at  it.  A  Yakutat  native  told  us  in  1905 
that  his  father-in-law,  then  still  li^^ng,  n'menibercd  when  Nunatak  Glacier  extended  to 
a  point  near  Marble  Point,  about  five  miles  southeast  of  Hubbard  Glacier  in  Russell 
Fiord.  This  all  accords  well  with  the  idea  of  a  great  advance  of  all  these  glaciers  in  the 
hloclglkteenlh  or  oaify  nineteenth  oentniy,  the  HidibMPd  and  Nunatak  Glaelen  having 
now  melted  further  into  the  mootains  than  the  adjacent  Yakutat  and  Malaqnna,  because 
ootwash  deposits  protect  large  parts  of  the  last  two  from  salt  water  and  rapid  melting. 

Changes  Betirecn  1891  and  1905.  From  several  points  of  view  the  Hubbard  Glacier 
was  photopraphed  by  Russell  in  1891  and  by  Gilbert  in  lHf)9.  and  both  of  these  obser\'- 
ers  have  described  the  glacier  at  the  time  of  tlu  ir  t)l)s€rvatioixs,  wliile  Gilbert  has 
made  a  study  of  the  conditions  in  1899  as  compared  with  those  in  1891.  Photographs 
wcfo  abo  made  fay  the  Canadian  Boondaiy  eurveyois  In  1805,  by  Bryant  in  1807,  and 
by  the  U.  8.  Fish  Comrniisinn  in  1901.  In  1906,  and  agun  in  1908,  we  occnpled  the 
exact  stations  ham  idiich  some  of  Russell's  and  Gilbert's  photogn^hs  were  taken,  and 
the  comparison  of  oonditiona  was  described  in  our  eailiflr  reports.*  Beoent  retreat 

>  Nfartin.  iMwimot,  Glarit-rs  and  Intflciutioiial  BondaiiM,  Sciaatific  AaMrfaui  SappksMnt^  Vol. 

LXXM,  1913.  pp.  If9,  130-138. 

>  Tophun.  H.  W.,  Proc.  Roy.  Geog.  Soc..  Vol.  XL.  188».  p.  425. 

•  B—a.  L  C  Vt  Gms.  Ifif ^  VoL  m.       pp.  10-100  ani  Fl.     Wk  Aaa.  Bcpt,  V.  8.  M.  Sarvi^, 

1894.  pp.  89. 

•Tarr,  R.  S.  and  Martin.  Lawrence,  Uladen  and.  GladaliMi  of  Yakutat  Bay,  AJaaka.  Bull.  Amer.  Geog. 
8m,  ToL  ZZZVni,  UM,  pp.  1M-1S5;  Tut,  B.  8.,  VntmAum]  Taper  84,  U.  8.  Goal.  8am7. 1909.  p.  4S. 
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floutheut  of  the  glaciw  is  proved  bgr  numumc  margins  so  VBoently  abandoiMd  m  to  b» 

free  from  vegetation. 

Gilbert  had  previously  shown  that  in  1899  *  Hubbard  Glacier  had  retreated  one  or  two 
hundred  feet  since  Russell  made  his  studies  in  1890  and  1891,  as  viewed  from  Osier  Island 
and  slightly  since  189o  as  viewed  from  Uaenke  Ldand.  The  retreat  was  even  greater 
between  1809  and  1901 ,  for  GiHbeft  atatea  that  the  1901  pietwet  by  the  Fish  Commisskni 
paiiy  ahow  that  "at  apoint  where  a  prominent  motaine  makes  the  cop^Murtscm  aumcwlirt 
definite*  the  ice  cliff  appean  to  have  stood  700  to  1000  feet  farther  back  than  in  1899. 
The  cUff  was  also  shortened  at  eadi  «Mi  by  the  enlaigeniflnt  of  the  mai!^^ 
nant  ice." 

Between  1899  and  1905  the  northwest  part  of  Hubbard  Glacier  advanced,  as  shown 
by  comparison  of  our  photographs  with  those  from  Gilbert's  photographic  site  above 
Oakt  ldand.  The  west  margin  was  farther  out  in  1905  than  when  photographed  trom 
Osier  Island  by  Riusefl  in  1891.  It  was  several  hundred  yards  farther  o«it  than  when 
photographed  from  Haenke  Island  by  Russdl  in  1891  and  by  Gilbert  in  1899.  The  bend 
in  the  medial  moraine  of  the  northwest  arm,  as  seen  from  Haenke  Island  and  from  tlie 
mountain  side  above  Osier  Island,  was  a  quarter  of  a  mile  farther  southeast  in  1906  then 
in  1891,  and  son  oral  hundred  yards  farther  in  1905  than  in  1899. 

The  exact  site  of  Gilbert's  1899  pictures  of  Hubbard  Glacier  from  tlie  coast  between 
Variegated  and  Hubbard  Gladen  oouU  not  be  found  in  190S  beeanae  altered  by  wave 
woife:;  but  from  afqproKfanaldy  the  same  site,  tiiat  is  with  the  same  points  in  Kne  cm  tine 
mountains  in  the  bach^round*  it  was  perfectly  clear  that  the  southeast  side  of  Hid>b«id 
Glacier  had  retreated  between  1899  and  1005,  probably  several  hundred  yards. 

This  advance  of  the  northwest  part  of  Hubbard  Glacier  and  retreat  of  the  southeast 
.side  between  1899  and  1905  we  interpret  as  an  indication  of  an  advance  of  the  weaker 
northwest  arm  under  the  impulse  of  the  earthquake  shaking,  the  strong  north  arm  re- 
treating relativity  because  of  ioe  lost  during  the  severe  shaking  of  the  1899  earthquakes, 
as  proved  by  the  dneet  testimoiny  of  proapeetois  wlw  were  encamped  beside  it  in  1800  * 
and  by  tibe  Fidi  Commission  pictures  from  which  Gilbert  proved  a  retreat  of  700  to  lOM 
feet  between  1899  and  1901,  as  already  stated. 

Condition  in  1906.  In  this  year  we  thought  that  there  was  a  more  active  discharge  of 
icebergs  from  Hubbard  Glacier  front  than  in  the  previous  season,  and  that  there  was  a 
greater  quantity  of  ice  floating  in  Disenchantment  Bay.  But  such  evidence  is  of  little 
value,  being  mere  impresdon.  Comparison  with  the  photographs  of  1905,  however, 
gives  evidence  of  a  di^t  advance  m  the  norlhweetem  portion  of  tim  lee  faon^  notliing 
to  compare  with  the  advance  of  other  ^aaers  in  the  region,  indnding  the  smaller  Varie- 
gated and  Haenke  Glaciers  nearby.  We  made  a  visit  to  the  southeastern  margin  of  tiho 
Hubbard  and  found  the  condition  there  unchanged,  so  that  the  description  ^vea  in 
pre\'ious  pages  applies  as  fully  in  1906  as  to  tlie  pretx'ding  year. 

Advance  in  2909.  In  the  summer  uf  1909  evidence  was  observed  of  a  very  distinct 
forward  movement  (FL  XLVIII),  though  it  was  apparently  only  the  beginning.  Una 

>  Gilbert.  G.  K.,  Glacien  utd  Gladation,  Harriman  Alaska  Expedition.  Vol.  8,  1904.  pp.  6S-e6. 

1  Tarr,  R.  S.  aod  Martin.  Lawrence,  Recent  Changes  of  Levd  m  Alaska.  Boll.  G«oL  Soc.  Amor..  VoL  A.V1JU 
1000.  p.  31;  Martin,  Lawrence.  The  Alaskan  Earthquakes  of  1809.  Bull.  Geol.  Soc.  Amer..  Vd.  SI.  1010,  p.  S50; 
Tarr.  R.  S.  and  Martin,  Lawrence,  The  Earthquakes  at  Yakatat  B«J,  AImIh,  ia  8l|lt«bar,  UW,  ]h»> 
fessional  Paper  No.  00.  U.  S.  Geol.  Survey.  1912.  pp.  15>i7. 
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evidence  was  so  clear  that  it  is  brought  out  distinctly  in  the  photographs  taken  from 

HbBta^m  mittt.  Item  Gilbert's  rite*  for  inataaoo*  at  an  dbvatioii 

mooBtam  dope  above  Osier  Idand,  it  was  deuly  evident  that  tiw  noxthwioitarn  ann  had 

continued  to  advance  since  1906,  the  extreme  western  murgin  being  several  hundred 
yards  farther  out  and  the  ice  cliff  in  that  part  of  the  glacier  being  slightly  extended. 
One  of  the  evidences  of  advance  of  the  northwest  arm  discovered  in  1905  was  changed, 
namely,  tlie  position  of  the  bend  of  the  medial  raoruine  of  that  arm.  This  bend  was 
furtlier  back,  and  where  deflected  westward,  the  curve  was  blunter  than  in  1905.  This 
mi^t  be  due  either  to  increeae  In  weakness  at  the  northwest  ann  or  to  increase  in 
strengUi  of  movement  of  the  north  aim.  That  it  is  aoi  the  former  is  proved  bj  the 
oontimied  advance  of  yie  western  maigin  of  the  Hubbard.  Una  leads  to  the  aooeptanoe 
of  the  latter  interpretation,  and  direct  proof  of  its  correctness  is  siqpplied  by  the  con- 
dition of  the  southeastern  part  of  tlif  t^laf-ior  The  extreme  outermost  part  of  the  ice 
front,  which  is  supplied  from  the  north  ami,  projected  200  or  300  feet  farther  out  than 
in  1906  and  at  least  a  quarter  of  a  mile  farther  than  in  1891.  Along  the  southeastern 
margin  there  was  much  less  debris  than  in  1905  and  1906  and  the  eastern  portion  of  the 
ioscfiff  had  a  far  larger  proportion  of  dear  ice.  Aftuthernoterarorthyfartwaathepoeitioa 
ef  a  mondme  ribbon  that  hiy  on  the  ^ader  just  outside  of  the  soudioasteni  laleml  mo- 
nine.  In  1906  it  was  much  farther  out  in  the  glacier  than  in  1909  as  if  in  the  meantime 
it  had  been  pushed  westward,  in  toward  the  valley  wall  by  the  advance  of  the  glacier. 

All  these  facts  comnnce  us  that  while  the  northwest  arm  had  advanced  somewhat,  the 
north  arm  had  also  begun  an  advance  in  the  inter\*al  hetwceu  1906  and  11)09.  There 
was  quite  certainly  a  much  more  active  discharge  of  ice  from  the  glacier  front  than  in 
lM5andlM6.  Sometimas  there  was  an  afanort  steady  roar  for  a  half  hoar.  Tlierewas 
T«qr  heavy  iee  off  the  glacier  fnmt,  isr  more  than  hi  fotmer  jrears,  thoogh  it  is  0^ 
true  that  tiiis  oonditHm  varies  greatly  from  time  to  time.  Hie  natives  report  sneh  heavy 
iee  in  1909  as  to  interfere  with  their  sealing.  Neither  in  1905  nor  1906  was  there  nearly 
so  much  stranded  ice  on  the  beach  at  our  camp  site  on  the  west  shore  of  the  bay  as  in  1909. 
It  seemed  certain  that  the  forward  thrust  of  the  ice  front,  which  was  unquestionably 
in  progress,  was  accompanied  by  a  more  rapid  discharge  of  ice  into  the  fiord. 

Clear  and  oonvincing  proof  of  recont  advance  was  found  at  the  southeastern  margin 
<f  the  Hubbard  Glacier.  Hmm  was  eertainly  a  ooneiderBble  advance  of  the  front  as 
viewed  from  the  photogeqihie  ates  selecAed  by  Gilbert  in  1 

mstely)  by  us  in  1906  and  1800;  but  since  these  sites  are  on  tiie  beach  we  cannot  bo 
eotain  that  we  re-occupied  themesactly,  and  accordingly,  in  1909,  we  established  a  new 
photographic  station  (F.  Map  8)  on  a  nei^hbonog  morainic  mound,  marking  its  site 

by  a  cairn. 

Hie  clearest  evidence  of  advance  of  the  southeastern  margin,  however,  is  fumiahed 
by  the  change  in  the  condition  of  tho  leader  itself.  T]iekediff,whidieartends]ienfiom 
tiie  land  into  the  sea  was  modi  more  broken  than  fonneriy*  it  had  amuch  smaller  propor- 
tion of  dftris-stained  ice,  and  there  were  fnH|ucnt  falls  of  icebergs  from  its  face.  In 
former  years  only  snudl  blocks  fell  from  this  front,  and  then  only  rarely,  but  during  the 
period  of  oTir  observation  in  1909  there  were  many  ice  falls,  some  of  them  of  large  size. 
This  indicated  that  the  stagnant  margin  was  advancing  and  there  was  abundant  further 
proof  fd  this  conclusion  in  the  change  in  condition  of  the  margin  where  it  rested  on  the 
lend  neaxby.  In  1800  and  previous  yean  this  margin  was  a  unifbnnly  dfinis-covered 
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alopeupiviiidioiieooiildeaailjrdtBib.  InlM9tlieiiiaiginwuiiiliheiiiaiiiMiioediff,tM 
staepforeaigrdhnbiiig^iwtbyaiuiinbtf  hnkm  hj  dunit 

faults.   The.  extreme  recency  of  this  breakiiig  Wfts  made  evident  by  the  aogulerity  ef  flie 

edges  of  these  crevasses,  which  had  not  h*^n  ATpntwi  Ifti^^wm^gii      ftMlltiffli  tO  greets 

modify  tlie  original  angularity  of  breakage. 

A  veneorof  from  1  to  3  feet  of  moraine  rested  on  the  upper  portion  of  this  newly-exposed 
ice  cliif ,  and  in  it  occasional  young  willows  were  growing.  It  had  the  appearance  of  an 
foft  rfiff  iwcMiijy  atoqieMad^  hwifaii^  mnA  prntmAwl  fKi^iigli  flm  mAJMiyi  <mhw»^  the  change 

being  easily  Men  by  comiNuieoii  el  photogrqilisii^^  AstbeioecfiS 
mdted,  the  moraine  from  above  waa  atiding  down»  and  with  it  the  willows  that  were 

thus  undermined.  These  rock  fragments  with  a  few  bushes,  together  with  the  debris 
that  had  fallen  away  from  the  steep  ice  face,  had  formed  a  small  tahis  at  the  base  of  the 
ice  cliff.  For  fully  half  a  mile  bowlders,  day,  and  other  morainic  di6bria  were  ^*«^^n£ 
down  the  steep  ice  face. 

From  the  newieediff  many  small,  muddy  streams  were  issuing  and  uniting,  forming  a 
mnddy  glacial  stream  ct  oonaidenble  proportioos  in  the  V-shaped  vaUej  between  Hiib> 
bard  and  Variegated  Glaciers,  where  previona^  tlieie  was  only  a  amaO  streemt  hom  the 
head  at  the  valley,  witii  trickling,  dear-wata  tributaries  from  the  Hubbard  margin. 
This  augmenle<l  drainape  united  to  form  a  muddy  pond  hack  of  the  bowlder  beach, 
through  which  it  escaped  in  one  fairly  large  channel.  Where  this  pond  stood,  and  between 
it  and  the  glacier  margin,  annual  and  perennial  plants  and  willow  bushes  throve  in  1903 
and  1006,  but  in  1909  many  of  these  were  submerged  either  in  the  icy  water  or  in  the  mud 
that  it  was  depositmg.  On  one  wiOow,  amimd  whidi  we  dng  in  the  freshly-depositeii 
mud,  we  found  baik  ener  a  loot  below  the  suiface,  horn  irfudi  new  roots  were  starting. 
Practically  all  the  willows  partly  sulmeiged  in  mud  were  still  growing,  vihidi  is  taken 
as  evidence  that  the  dcpoaita  which  were  overwhelming  them  had  been  there  but  a  dMUt 
time. 

Continued  Advance  in  1010.  Between  July,  100!),  and  June,  1910,  the  junior  author 
found  that  forward  movement  of  the  northwest  side  of  Hubbard  Glacier  (PL  XLVUI) 
ezeeeded  that  in  the  southeast,  where  some  points  actoaUy  reoeded,  aithoui^  at  least 
two  points  on  the  south  coast  advanced  during  this  period  and  the  crevaaring  near  the 
maigin  increased  decidedly.  The  specific  measurements  quoted  below  are  based  upon 
a  iesarvey  of  the  ice  front  originally  plotted  upon  the  plane  table  map  in  1909  (Map  S). 
The  photographs  taken  in  10]0  also  show  the  changes  when  compared  with  1909 
photographs  from  the  same  sites.  IVom  Osier  Island  (Photo.  Station  C,  Map  3)  it  was 
clear  that  there  had  been  an  advance  of  the  ice  {x)int  just  west  of  the  center.  From 
Gilbert  Point  (Photo.  Station  D,  Map  3)  a  very  slight  retreat  of  the  west  edge  of  the 
glaeier  waa  shown,  the  ice  point  next  it  in  the  northwest  part  of  the  gUcier  bad  advanced, 
apparently  between  dz  and  seven  hundred  feet»  the  ice  point  nearest  "Hlg'yi****  was 
cither  stationary'  or  sliowed  very  slight  retreat,  an  adjacent  cliff  (the  one  projecting 
farthest  in  1909)  retreated  nearly  1000  feet,  a  point  of  black  ice  nearer  the  southeast 
aide  of  the  glacier  was  shorten(*d  almost  .500  feet  and  large  areas  of  black  ice  on  the 
cast  side  were  diminished  or  had  completely  disappeared.  From  Haenke  Island  (Photo. 
Station  A,  Map  3)  it  was  clear  in  1910  that  the  northwest  portion  and  tlie  east  central 
cliff  had  advaiioed  slightly  since  1906.  This  photograph  stati«m  was  not  virited  in 
1909. 
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L^NIMLIDF.  INTO  MaKGIXAL  StREAM  OF  GaUAXO  Gl.\CIER  IX  1909 
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B.    Vegetation  on  the  Alli"viai.  Fan  and  >fonAiNE  of  Galloco  Glacier 
In  ItXJj  (upper  picturt'j  and  in  1909  dower  picture). 
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A.     Tl  HXKK  GL\C  IEIi  l\  1910 

Frrtin  Station  ('  iMnp  3/  on  Osier  IsliimJ. 


B.    Haenkk  GuiriKR  in  1900 
From  same  silc  as  upper  view.    It  was  then  crcvnssoU  and  advancing  (see  IMale  XLI,  B). 
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B.      H\KNKK  ril.M  I  Kit  IN  !!««» 

From  Stnlion  <'  i.Map  -i)  <m  Usut  I«l«nfl        I'liiti-  XL,  IJ'. 
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A.    The  Hubbaho  <iL.\nE»  Cuff 
Com|Mm]  in  liciftlit  wilh  Iho  Musanic  Tviiiplc  in  Chicago. 


B.    Ic-EBiatu  IN  Yakitat  Bay  ix  1905 
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A.    l(>:iiKiui  IN  Yakit\t  Hav 


B.     I(  RUKK(i8  IN  YaKLTAT  BaY 
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Plate  XLMI 


A.    Stagnant  MoRAiNE-Co^TaiED  Eastern  Margin  ok  Hi'BB.utu  Gl.\cier 
Slumping  so  rapidly  that  no  vegetation  grows.    Photograph  taken  July  5,  1905. 


B.    Eastrrn  Margin  ok  Hlbbahu  Gu\c'Icr  (on  Knaij) 

Near  emergence?  fmm  mountain  valley.   Showing  swinging  of  lateral  moraines  westward  away  from 
the  Variegated  Glacier  bulb.    Photograph  taken  July  5,  1905. 
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Fkom  llie  oaim  Irailt  m  1909  betwcok  Hubbafd  uul  Vftriegatad  Gladen  (Flioto.  Sto- 

tkm  F,  Map  8),  it  was  plain  in  1910  that  one  point  near  the  center  of  the  glacier  had 
advanc'od  sinre  1909  perhaps  several  hundred  feet,  that  the  dirty  projecting  cliflF  had 
advanced  slightly,  and  that  crevassing  in  the  non-tidal  southeast  edge  of  the  glacier  had 
increased  somewhat.  The  same  was  observed  from  near  the  site  of  Gilbert's  beach  station, 
close  to  the  ice  edge  (Photo.  Station  E,  Map  3).  The  area  of  black  crevassed  ice  baml 
by  Junei  1910,  and  of  cracking  had  not  incraued  lo  modi  near  the  hood  of  the  stram 
between  Hubbard  and  Variegated  Glacien  mm  dooe  to  the  tidal  pottaon*  thon^  even 
here  the  additional  cravaaing  wai  not  mnarkable.  The  surface  of  the  maigin  of  the 
glacier  still  showed  many  minor  hummocks  of  ablation  moraine  that  were  present  in 
1909.  The  dirty  tidal  cliff  was  a  little  less  debris-stained  than  eleven  months  before. 
All  in  all,  therefore,  although  there  had  been  noticeable  change,  tlie  transformation  was 
not  remarkable.  One  could  say  distinctly  that  advance  had  continued  since  1909,  but  it 
imt  no  nidi  advance  at  took  plM  in  Atievida,  Vari^ted.  Haenke*  and  Ma^^ 
llalaqpnaGladerbetfren  1905  and  1906.  Indeed,  with  the  qiedfle  neanNmaiti  of 
retreat  shown  m  some  points  of  the  ice  front  (Map  3),  it  is  fliODght  possible  that  tiie  ad- 
vance initiated  in  tiie  aoutheaet  portion  of  the  gl»cier  betiieen  1906  and  1909  watneaifjr 
over  in  1910. 

The  advance  of  the  northwest  portion  of  the  glacier  which  began  earlier  seemed  to  be 
continuing  more  vigorously.  Iceberg  discharge  from  the  front  of  Hubbard  Glacier  was 
pnbabljr  Ich  active  in  Jone^  1910,  than  in  the  pvevfaoa  Ju^T*  Mne  floating  ice  was  prea> 
«nt,  hnt  that  waa  thoo^t  to  be  diie  chiefly  to  anothOT  canMi 

Condition  in  1913.  Because  of  the  delay  incidental  to  the  detention  of  the  Intema- 
ti<Mial  Geological  Congress  ship  on  the  newly-discovered  reef  near  Osier  Island  in 
September,  1913,  the  junior  author  was  unable  to  reoccupy  any  of  the  photographic 
sites  established  in  earlier  years.  It  wjis  clear,  however,  that  the  slight  advance  of 
Hubbard  Glacier  in  1909-10  was  practically  over  before  1913.  No  part  of  the  ice 
front  had  advanoed  significantlor  Mid  the  HMtm  and  ■outheasteni  maijgiw  seemed  to 
have  ntieated  allc^itily.  loebeeg  ^idiaige  was  much  leee  active  than  in  1910.  a  fortu- 
nate circumstance  to  which  may  be  aaeribed  the  fact  that  no  more  damage  was  done  to 
the  vessel  during  her  half  day's  stay  upon  the  reef  in  front  of  Hubbard  Glacier. 

Significance  of  the  Advance.  The  complex  historj'  presented  by  the  Hubl)ard  Glacier 
corresponds,  in  a  way,  with  that  of  the  Turner,  and  the  interj)rctation  placed  upon  it  is 
the  same.  It  does  not  follow,  of  course,  that  the  rather  deUberate  advance  of  the 
aocthvresbem  aim  fiom  1901  to  1910  foDoiiring  the  letieat  of 
and  U90  and  of  700 to  1000 feet  between  1899  and  1901 ,  is  the  oa)7  TCsponae  that  this 
of  die  glacier  will  show  to  the  effects  of  earthquake  shaking.  It  may  be  that  the  advance 
was  merely  the  result  of  climatic  influences,  or  of  an  impulse  due  to  earthquake  sliaking 
imparted  by  one  or  a  small  number  of  tributaries,  and  that  a  still  greater  forward  move- 
ment is  yet  in  store.  It  would  be  interesting  and  (juite  unexpected  if  so  large  a  glacier 
gave  such  a  weak  response  to  the  cause  which  pushed  the  front  of  the  far  smaller 
nd^boring  HaenlBe  GhKier  forwaid  neaifsr  a  mil%  or  if  the  north  ami»  iMiik  is  so 
active,  shooU  fail  to  respond  Strang  and  advance  vigoRMuly  hiter,  as  it  did  vrealdy  in 
1909-10.  It  is  by  no  means  an  impossibility  that,  under  the  of  such  a  thrust, 

Hubbard  Glacier  front  might  be  pushed  forward  two  miles  across  the  fiord  to  the 
moontain  side  behind  Osier  Island,  '"^^""g  Russell  Fiord  into  a  lake  once  more. 
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Tabulas  SfATBomT  ov  Omauuasam  or  Hvbbabd  Ghkcim 


Ttar 

Bomi  cm  obmvaHmu  hg 

1800-1891 

Slight 
advance 
of 

part 

1891-1885 

1805-1897 

Slight  ntTMt 

Biyant 

1807-1800 

1800-1001 

Betreat  west  part  700-1000  ft 

Advance  west 
part  several 
hondied 
yaids;  ro- 
tnat  eart 
part  several 
hundred 
yards 

U.  S.  Fish  rnniTniwBiwi 

1901-1905 

Tarr  and  Martin 

1905-1906 

Continued  advance  west  part;  very  little 
diAQge  east  part 

Tarr 

1000-1000 

Contmaed  advanoe  of  wet/t  port;  di|^t  o«l- 
▼aoce  and  CNfvaMiiig  of  eoit  port 

Tan  and  Martin 

1909-1910 

Continued  advance  of  west  part  660  feet; 
some  retreat  and  some  advance  in  east 
part,  but  alight  increase  in  crevaasing. 

• 

Martin 

1010-1018 

Roceorion  of  wertem  and  aondioaBteni 
maigina 

Martin 

\ 
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THE  VABIE6ATED,  OBANGB  AND  BDTLEE  GIAOEBS 

V*MiMTa>  Glagob 

Previous  Description.  Russell,  the  first  scientific  man  to  aee  tilii  ^ader  ivliidi  liei 
jast  east  of  Hubbard  Glacier  described  it  as  follows  '  in  1^0: — 

"A  d<?bris-oovered  glacier,  so  completely  concealed  by  continuous  sheets  of  stones 
and  earth  that  its  true  character  can  scarcely  be  recognized,  descends  from  the  mountains 
just  east  of  Hubbard  Glacier.   It  is  fonned  by  the  union  of  two  principal  tributaries, 
tad»  on  x«ttdiing  oompaxatiwir  bvd  graoikl,  «sq|M^ 
km  idBcieiift  TofamM  to  leMh  the  Mft.** 

On  his  second  expedition  in  1891,  ha\nng  a  better  vkfW  d  it,  WmnH  decided  th«t  the 
Variegated  Glacier  coalesced  \iv'ith  the  Hubbard.' 

"East  of  Hubbard  Glacier  there  is  a  large  buried  glacier  fed  by  several  ice  streams  from 
the  mountains  above,  which  I  judged  from  the  view  obtained  from  the  Corwin,  in  1890, 
was  aqparated  from  the  Hubbard  Glacier,  but  better  opportunities  for  observation  ob- 
tMoed  a  year  hlcr  Atmtd  tlial  tlie  two  ioe  bodiae  eve  ooaflaaiL'' 

Gilbert*  leadied  tiw  ittiie  ooncliira  in 
Giliert's  description  of  what  we  now  call  Variegated  Glacier,  based  on  seeing  it  from  be- 
tween Hubbard  and  Variegated  Glaciers  and  upon  a  comprehensive  view  from  the 
1000  foot  station  above  Osier  Island,  waa  as  ioUowa.  Ue  ia  writing  about  the  combined 
Hubbard  and  Variegated  Glaciers. 

"Hie  southeastern  third  of  the  glacier  was  moraine  covered,  not  only  at  the  water 
e4fB  but  for  nearly  or  quite  two  mika  inland.  The  material  waa  ooarae  and  angular, 
aad  waa  divided  into  aooea  or  belta  diatinguidied  at  a  distance  by  their  contrasting 
colors — black,  yellow,  imilleb  green,  blue-black,  and  orange  or  rusty.  These  bands 
had  not  the  ordinary  arranp^ement  of  parallel  medial  moraines,  but  tended  rather  to 
contour  the  slope,  and  the  search  for  their  origin  and  meaning  would  make  an  in- 
teresting and  profitable  study.  Some  of  them  occupy  ridges  and  others  hollows, 
■uggesting  inequality  in  their  ability  to  retard  the  melting  of  the  ioe  beneath,  but 
tiie  tdiole  amfaoe  waa  rugged  in  detail,  eidiflbitiQg  a  contfamoiia  aefiea  of  bummodn 
and  kettlea.** 

Our  inteqmtalion  of  the  relationship  of  Hubbard  and  Vari^ted  Gladers,  already 
stated  in  connection  with  Hubbard  Glacier,  is  that,  although  the  two  glaciers  undoubt- 
edliy  coalesce,  they  are  essentially  independent  (Map  S).   The  name  Validated  has, 

>RiiMdl.  I.  C.  An  Expedition  to  Mount  St.  EUas.  Nat.  Geog.  Mag.,  Vol.  9,  1891,  p.  100. 
'BiiMdI.  L  C.  Second  Eaqiedition  to  Mount  St.  Biw,  in  1891.    Thirteenth  Ann.  Bcpt.  U.  S.  G«oL  Somv, 
1L  %  MM,  p.  M. 

•  Gnbert.  G.  K.,  Glaciers  and  GlaciaUon.  Haniinan  AladtS  KniwBUlIB,  Yd.  9,  liH  PP> 
«G«Mt^  Hau,  Suub,  Plate  Vm,  cfpoiite  p.  62. 
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therdove  been  applied  not  only  to  tlie  vaUey  feeder,  but  aleo  to  the  stagnant,  piedmost 
aiea  tiiat  qjlteada  westward  until  it  partly  unites  with  the  Hubbard. 

In  1905  we  assumed,  with  Russell  and  Gilbert,  that  the  Variegated  Glacier  bulb  was 
fed  by  two  glaciers,  the  Variegated  and  Orange,*  but  in  1906,  on  a  journey  to  the  sup- 
posed eastern  tributarj',  now  named  the  Orange  Glacier,  it  was  found  that,  while  this 
glacier  did  actually  coalesce  with  the  Variegated  for  a  short  distance,  the  two  were  quite 
independent,  and  the  stagnant  piedmont  area  was  entirely  supplied  and  dominated  by 
tiie  Variegated  Glacier.  It  liat  thMelue  been  neeeiiaiy  to  diange  the  namea  BVuBtd 
in  1905  under  the  aiippoiftion  liiat  llw  piednuMil  araa  iras  fli^^ 

The  Variegated  Glader  and  its  piedmont  bulb  presented  many  features  of  interest  in 

1905,  especially  the  nature  and  distribution  of  its  ablation  moraines,  but  in  1906  it  was 
absolutely  transformed  by  a  spasmodic  advance.  Therefore  in  both  years  it  received 
considerable  attention.    The  statement  and  discussion  of  the  ob9er\'ations  of  1905  and 

1906,  which  are  fully  presented  in  the  reports  on  the  expedition  of  these  years,  are  in 
theniainao  wiiential  tondearnndewtandingclthiediaiigeadbieiTedi^ 

neceiaaiy  to  reatate  the  main  pofinta  in  the  prBrooajy  pnhHwhed  deeewption. 

VaUtff  Portion  im  1905*^  Variegated  Glacier  descends  in  8eri)entine  course  from  an 
unknown  source  among  the  mountains  east  of  Mt.  Seattle  throu^  a  deep  valley  bordered 
by  mountain  walls  greatly  steepened  by  glacial  erosion.  We  ascended  this  glacier  to  an 
elevation  of  2100  feet,  finding  the  ice  everywhere  smooth  and  easy  to  traverse  (PI.  LXII), 
with  only  here  and  there  a  crevasse,  or  small  group  of  crevasses,  in  the  upper  portion, 
but  nowhere  finding  our  progress  impeded.  In  croaa-eectimi  the  leader  suifaoe  was  flat, 
with  a  deaoent  <m  dther  maigin,  incxeasfaig  in  >teq>neat  toward  the  vaUqr  month.  Hw 
Racier  grade  varied  conaidegahly,  but  within  the  moontaina  waa  nanally  fxam  7  to  10 
d^jreee,  thoogfi  near  the  valley  mouth  the  grade  became  mudi  less,  and  in  some  nnaa 
the  ice  surface  was  quite  flat,  and  even  locally  had  an  upstream  descent.  Below  the  snow 
line,  which  lay  just  above  the  highest  point  which  we  reached  (2100  feet),  ablation  was 
rapidly  in  progress  increasing  greatly  in  the  lower  portion,  where  both  lateral  and  medial 
moraines  appeared,  while  scattered  i>atches  of  moraine  and  angular  blocks  were  strewn 
over  the  auifaee. 

Tlie  evidence  waa  complete  that  even  wdl  wi^iin  ita  momitatn  vaOegr  the  Variegated 

Glacier  waa  only  moderately  active,  while  in  the  lower  part  of  the  vallecf  portion  the 
glacier  was  quite  inacti\  p.  ITiis  inactivity  of  the  lower  portion  was  shown  not  only  by 
the  lack  of  crcvassinp,  and  the  flat  or  undulating  surface  strewn  with  debris,  but  also 
by  the  presonr-o  of  a  marginal  valley  on  either  side  witli  moraine-covered  ice  for  one 
wall  and  the  mountain  side  for  the  other.  The  smoothed  and  striated  mountain  waUs, 
and  the  presence  of  moraine  terraces  on  tiieir  dopes,  on  which  only  a  few  aeattmind 
annnal  planta  had  yet  cnooached,  proved  that  at  a  veiy  laoent  data  thia  glacier  had 
been  more  expanded  and  was  then  in  contact  with  the  moantain  waH  dear  down  to  the 
end  of  the  valley. 

The  moraine  on  the  glacier  was  mainly  anj^Iar  and  e\ndently  largely  derived  from  rock 
falls  from  the  mountain  sides,  which  indude  a  variety  of  rock  types,  inrhiding  black 

» T>rr.  R .  S.  and  Martin,  Lawrence  CBichw  sad  Ohdrtfaa  of  Takatat  Bsy,  Ahahw  BdL  A—.  Gug,  See* 

Vol.  XXXVIII.  1906,  pp.  147-149. 
•  See  Tarr,  H.     The  Yekutai  Bajr  Bcgioa,  Akika,  Meniooal  Paper  84^  U.  S.  Geot.  Surv^,  1900.  pp. 
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hornblende  gneiss  near  the  vtlkor  numUl  on  boHl  ddes,  and  abov«  HoM,  gnen  aigOfite 

schist,  white  granite,and  red,  orange,  and  banded-pray  gneiss  that  on  exposure  to  weather 
rusts  to  different  colors.  All  these  rock  types  were  present  in  the  angular  moraine  that 
was  strewn  in  bands  and  patches  over  the  lower  portion  of  the  valley  glacier.  ' 

The  Expanded  BiUb  in  1906.  On  emerging  from  its  valley  (Map  3,  in  pocket), 
Vanagatod  Racier  eipandud  in  » Inoad,  bolb-Ahaped  piednunit  mm,  yrUA  mw  evi- 
dentlycoaqpletelystafpiaiit.  This  bo&ipiMdmtwaidiiiitflHooakfloed  with  Hi^^ 
Glacier,  and  aoutibward  almost  to  the  fiord,  lliioii^out  the  piedmont  bulb  the  nirfaoe 
was  almost  completely  covered  with  ablation  moraine,  increasing  in  thickness  toward 
the  periphery.*  The  piedmont  area  consisted  of  three  quite  different  parts:  (1)  just 
beyond  the  valley  portion  of  the  glacier  an  expanded  bulb  mostly  covered  by  a  series  of 
crescentic  moraine  ridges  of  different  colors*'  though  with  ice  appearing  here  and  there  in 
amanarcas;  (2)  a  cvanaiitfe  l^srfor  flat  mainly  of  gravel  but 
an  outer*  much  larger  aiMfodeqi^oofvmd  with  naoiaine  that  ieedh^ 
places. 

The  Inner  Buto,  Between  the  interior  flat  and  the  valley  glacier  the  inner  bulb  began 
abruptly  in  a  steep  ice  wall  rising  fully  iQO  feet  above  the  paitiaUy  d6bn«-veneered  portioa 

of  the  valley  glacier.  This  slope 


\ 


rose  up  to  a  ridge  whose  crest 
naa  oowed  wiUi  blocks  of  n 
gnqr  ^uarta  gwriw  ^i^iidi  on  ck~ 
t»  tba  weather  rusted  to 
ydlow,  giving  to  the 
moraine  ridge  a  distinct  orange 
tinge  noticeable  at  a  distance  of 
7  or  8  miles.  This  orange  mo- 
raine ndge  was  crescentic  in 
loan  with  the  coacare  side  iq>- 
and  on  its  oastnn  end 
into  the  eastern  lateral 
Bonine  ol  the  vallflor  part  ol  the 
ghcier. 

Outside  the  orange  moraine, 
down  as  far  as  the  interior  flat, 
wore  »  ioeeeirion  of  valkgra  and 
ridges,  all  creseenlie  fai  fonn 
(Fig.  7).  The  valleys  were  lo- 
cated in  areas  of  thin  moraine, 
while  the  ridges  marked  the  sites 
cf  thkker  morainic  accimiula- 
tion;  but  nowhere  was  the  mo- 
raine Ihidc  Iho  crescentie  lidges,  whose  radius  increased  toward  the  interior  flat, 
notably  ^fferait  in  oohnr.  That  next  the  orange  moraine  waa  gremish  in  color. 


FM.  7.  Sketch  map  of  banded  moraines  ol  Variegated  Glacier  in  IfNMt. 
A,  IVUto  pmnite  moraine;  B,  red  nutod  wanSmti  C,  honUcBde 
meiMOMMMBe;  D,  iatariac  fltt;  E,  red  moniM;  F,  parpkmonuoe: 
0,  green  maniBKi  B,  tnmm  SMMdne;  J.  io*  maSnoii  J,  beach;  K, 

glacial  strram.  190Ss  ^flMU  StmB,  ItOe;  Jf,  Ugkil  pciak 

reached  in  1905. 


a  fbr  a  SMie  deldkd  denrfpliim  of  tUi  piedmont  aiw,  M 1^ 

Profesfflonal  Paper  64,  U.  S.  Geol.  Survey,  1909,  pp.  4T-M. 
•Fint  obMrred  aiid  dMoribed  Iqr  Gilbert  ia  1889. 
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due  to  a  predominance  of  green  schist,  while  beyond  this  came  a  purplish  moraine,  due 
to  the  presence  of  a  purple  gneiss  in  sufficient  quantities  to  mask  the  scattered  red,  orange 
•nd  black  fragments  in  it.  There  were  other  shorter,  less  distinct  moraines  with  cur\'a- 
tore  parallel  to  the  neighboring  more  pronounced  ridges.  The  purple  moraine,  which 
liad  a  width  of  dboot  an  ei^tih  of  ft  niile^  deMn^ 
deooent  minor,  not  Toty  distmct  li^^ 

to  the  pMflenoe  of  many  fragmenta  of  white  granite. 

Because  of  our  interest  in  the  peculiar  banded  morames  we  travelled  this  part  of  the 
ice  bulb  and  nowhere  found  the  least  evidence  of  motion.  It  was  a  greatly  roughened 
surface,  strewn  with  large  angular  blocks,  but  not  a  single  crevasse  was  found.  Here 
and  there  ice  was  seen,  especially  on  the  steeper  ridge  slopes  and  in  tlie  valleys,  and  eveiy- 
ndiere  there  was  dear  evidenoe  lhat  ice  existed  just  beneath  the  moraine  surface,  and  we 
oouU  muaUjr  readli  it  by  thnuting  our  ioe  ana  into  the  moraine.  The  Mulaee  waa  oqb- 
atantly  eliifting  Iqr  the  undennining  caneed  iqr  melting  of  the  i« 
this  is  the  main  reason  why  there  was  so  little  vegetation.  Scattered  wiDows,  none  over 
two  years  old,  were  grox^nng  here  and  there  on  all  the  moraine  ridges  excepting  the  orange 
moraine.  Many  dead  plants  were  seen,  and  many  others  with  their  roots  partly  exposed 
by  recent  undermining.  Evidently  in  such  a  shifting  soil  the  growth  of  but  a  year  or 
two  was  all  that  a  plant  could  attain  before  the  slumpingof  the  surface  removed  the  soil 
in  whieh  it  was  growing. 

Inl0nor  Flat  in  1905.  The  interior  flat  had  the  Ibim  of  a  ereeoent  with  the  ooa- 
cave  side  toward  the  moontain  vallQr,  where  it  was  bordered  by  the  steeply-rising  nd 
and  j)urj)Ie  moraine  whose  crest  was  about  250  feet  above  it;  <mi  the  outer  side  it  was 
bordered  by  the  concave  ridge  of  the  broad,  black  hornblende  gneiss  area  of  the  outer 
bulb,  which  rose  over  200  feet  above  it.  The  flat  was,  therefore,  a  very  notable  feature, 
(PL  LI,  A)  interrupting  the  succession  of  crescentic  moraines  of  the  inner  and  outer 
bolbs.  Its  length  was  more  than  a  niife  and  its  width  in  its  widest  part  tnflytlireeqiiai^ 
ten  of  a  mil^  bnt  narrowing  nqiidly  toward  either  end.  Its  eievatimi  was  about  100 
feet  above  sea  kvd.  The  surface  of  the  interior  flat  was  mainly  composed  of  gravels 
brought  by  streams  issomg  from  the  inner  bulb  of  the  Variegated  Glacier,  but  some  low 
lidges  and  hummocks  rose  above  the  alluvial  flats.  There  were  areas  of  depression 
cupied  by  lakes,  some  pits  formed  by  recent  settling,  and  numerous  cracks  and  faults, 
proving  that  the  setthng  was  still  in  progress.  These  facts  prove  the  presence  of  ice 
beneath  the  interior  flat,  but  that  it  was  not  in  motion  was  cleariy  indicated  by  the 
genersllevelnessof  the  floor  of  the  interior  flat.  Fkobsbty  the  ice  beneath  the  flat  wna 
very  thin. 

It  is  believed  that  the  interior  flat  represents  the  site  of  a  clear  ioe  area*  such  as  is  ob- 
served in  other  glaciers  of  this  region,  which,  when  the  glacier  became  stagnant,  was  so 
lowered  by  ablation  that  it  formed  a  depression  in  the  glacier  bulb  in  wliicli  sedimentation 
ultimately  began,  thus  bury  ing  the  ice.  In  1905  two  streams  were  contributing  to  the 
alluvial  deposits,  one  from  the  northern  side  bringing  the  drainage  of  the  northern  margin 
of  the  Variegated  Glacnr,  the  other»  and  modh  the  larger,  emerging  (Ft  LYII,  A)  fwmtm 
ice  gorge  in  the  sonthem  portion  of  the  inner  bulb,  then  desoendingina  fell  into  a  gruute 
gorge,  from  whichitemetged  first  across  moraine,  then  upon  the  interior  flat.  Bothstreama 
flowed  in  branching  course  across  the  interior  flat,  and  then,  after  uniting,  passed  through 
a  moraine-walled  ice  gorge  in  the  outer  bulb  of  the  glaciers,  and  finally,  uniting  with  a 
stream  from  Orange  Glacier,  flowing  in  many  distributaries  to  the  fiord  over  a  very  large 
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anu\nal  fan  outside  the  poriphen'  of  the  outer  bulb.  The  ice  drainage  was  therefore  pecul- 
iar, for,  on  emerging  from  tlie  ^ilacier  it  passed  first  over  a  lowered  part  of  the  glacier 
which  it  was  burying  with  its  dejK>sits,  then  through  an  ice  gorge  across  the  outer  bulb, 
building  another  alluvial  fan  deposit  there.  With  the  development  of  the  interior  flat 
there  haa  probab^  been  a  notable  decrease  in  the  rate  of  growth  of  the  outer  aUuvial 
fui  becaiwe  io  miKk  of  the  wwHiiMmt  waa  left  bj  the  streanu  in  the  interior  flat 

The  Outer  Btdb  in  1905.  The  outer  bulb,  beyond  the  interior  flat,  had  the  same  gen- 
eral features  in  190,5,  190C  and  1900.  It  rose  stoej)ly  above  the  flat  to  a  height  of  about  a 
hundred  feet,  and  thence  to  its  periphery  consisted  of  an  irregular  hummocky  morainic 
ma^.  For  the  first  half  mile  or  so  this  moraine  had  a  general  black  color  due  to  predom- 
inanoe  of  black  hornblende  gneiss,  though  throughout  its  extent  there  were  scattered 
fmgmenti  of  white  granite,  purple  gneia  and  other  rocki .  Outaide  the  black  homUende 
mtnaine  cainaaiiaiiow  band  efnd  lotted  gneia^thttabettaqu^  moie 
in  ^adth,  in  which  there  was  sudi  an  abnodanoe  of  white  gmiite  ingments  among  the 
black  hornblende  as  to  give  the  moraine  a  grayish  appearance  when  viewed  from  a  dis- 
tance. In  the  black  hornblende  belt  there  was  everywhere  distinct  evidence  of  the 
presence  of  ice  at  no  great  distance  beneath  the  surface,  and  every  here  and  there  ice  was 
wmi;  but  this  moraine  was  much  thicker  than  that  on  the  inner  bulb.  No  ice  has  been 
aebnllsr  ottearvwd  in  tha  outer  beltof  iridte  gnoitenMnin^  bat  wa  ave  coimnoed  tiuit 
in  eneted  there  even  to  th«Teqrpen|iliiiy  when  the  bidb  lina  abovatl^  We 
Wch  tllis  oondusion  because  the  monune  surface  is  clacked,  there  were  areas  of  slump- 
ing, and  much  cold  water  was  issuing  in  small  streams  or  standing  in  shallow  lakes. 
It  is  even  possible  that  the  ice  extended  out  beneath  the  fiord*  lor  there  is  here  a  broad 
shoal  extending  at  least  a  quarter  of  a  mile  off  shore. 

On  the  black  hornblende  moraine  there  was  a  general  absence  of  v^tatkni,  though 
aoM^  tufla  of  gnaib  and  scattend  aimnd  plant!  occnned  hen  aad  thci^ 
nnrianan]  young  alden  and  wiDowi,  laidy  nK«e  than  one  or  two  yean  old,  though  one 
was  found  with  ten  annual  rings.  Toward  the  periphery  of  the  bulb,  where  the  moraine 
was  thicker,  the  ice  thinner,  and,  thcn'fore,  the  conditions  of  stability  much  greater,  the 
amount  of  plant  growth  increased  rapidly.  On  the  very  outer  p<^rtion  of  the  moraine 
were  small  alder  thickets  with  bushes  having  usually  no  more  than  eight  rings  of  annual 
giowtfi* 

It  waa  eidd«t  in  1905  that  no  iee  niotion  extended  acnM  the  intenor  fUt  to  the  oite 
boibk  and»  in  fact,  that  there  had  been  no  motion  in  this  outer  portion  of  the  leader  for  a 
Bomber  of  years  before  that.   The  outer  bulb  was,  therefore,  passing  through  a  period 

of  wastage  with  no  addition  to  its  supply,  and  the  inner  bulb  had  started  upon  the  same 
career,  having  progressed  far  enough  in  it  to  liecome  almost  completely  moraine-covered. 
The  condition  of  1905  gave  reason  for  believing  tliat  both  the  outer  and  inner  bulbs, 
•  together  with  the  interior  flat,  were  on  the  road  to  complete  destruction  by  ablation, 
and  had  it  not  been  lor  the  qwctacnhff  changes  ol  the  succeeding  year  them  wo^ 
Jem  have  been  Uttle  of  inleieat  to  mcoid  about  this  i^bder  eaoqit  the  ptogmai  ^ 
age  and  the  interpretation  of  its  morainic  phenomena. 

Tlte  Advance  of  1906.  We  saw  Variegated  Glacier  for  the  last  time  in  100,)  about  the 
middle  of  August,  and  its  condition  was  then  as  de.scribetl  above.  About  ten  Tnonths 
later,  in  June,  1906,  when  tlie  senior  autlior  approac-hed  it,  he  saw,  even  from  a  distance, 
Ifaat  it  was  utterly  transformed.   The  outer  moraine,  outside  the  interior  flat  was  un- 
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changed,  and  the  flat  itself  was  unaltered  excepting  by  being  narrowed  by  advance  of 
the  ice  on  tlie  inner  side;  but  all  above  the  interior  flat  was  completely  changed.  Far 
up  the  valley,  to  the  point  wliere  we  had  so  easily  walked  ten  months  before,  the  ice  sur- 
face was  a  maze  of  jugged  pinnacles  and  seracs  vrith  intervening  crevasses.    The  ice  rose 
higher  in  itivaHflgr.  It  ertandad  to  theiwJb  ol  the  mowntjun  vlhy.  AnonoothioewM  i 
gone,  and  the  medial  and  lateral  motniiww  were  destroyed.  It  had  become  an  entirdy  ' 
•         diffnait  glacier  in  almost  every  respect  in  the  brief  interval  ui  ten  months.   From  the 
valley  mouth  to  its  head  the  glacier  was  impassable,  and  there  was  not  a  half  acre  that 
■was  unbroken.    The  entire  valley  glacier  was  broken  as  an  ice  fall  is  in  Alpine  valleys, 
or  as  the  Hubbard  Glacier  is  back  of  its  ice  cliff.    It  seemed  almost  incredible  that  ten 
months  before  one  could  go  over  this  surface  in  an^'  direction,  encountering  a  crevasse 
onljr  here  and  there.  InAagUflt,  190ff,  deda  could  have  been  eaaity  drawn  over  the  vall^  I 
gUwier;  in  1900  one  eoiiklgD  oat  om  the  glacier  on^y  with  tlwgie^ 

The  crevassing  extended  throughout  practically  the  entire  inner  btlB>,  destroying  the 
series  of  colored  moraines  of  1905,  and  replacing  this  area  of  moraine-covered  ridges  and 
hunmiocks  with  a  maze  of  jagged  pinnacles  and  deep  crevasses.  In  1005  from  a  distance 
no  ice  could  be  seen  in  this  area  of  banded  moraines,  but  in  1J>06  fully  half  the  surface 
was  clear  ice.  Much  of  the  moraine  had  fallen  into  the  crevasses,  and  the  only  indication 
cl  the  foimar  aerias  ol  banded  moninea  WM  the  pNieiiee^  bate  ai^ 
cl  color  on  tiie  broken  ice  amfaoe.  Our  attempts  to  dimb  upon  the  broken  ice  to*  point 
where  we  oould  photograph  from  appratinuitely  the  same  position  which  we  occupied 
in  1005  were  baffled  by  the  intricate  Bkaae  of  fwnrama  wbidi  cartandadi  in  all  directioiii^ 
to  the  very  edge  of  the  inner  bulb. 

The  periphery  of  tlie  inner  hulb  had  been  pusheil  forward  a  100  yards  or  more,  overrid- 
ing the  granite  gorge  through  which  the  glacial  torrent  emerged  upon  the  interior  flat  in 
lOOS  (PL  LVn,  A,)  and  nairofiring  the  interior  fletaomewfaat.  There  weaanotable thick- 
ening of  tiie  inner  bulb  alao^  but  we  bed  no  means  of  dateiminnig  tike  amount,  tiimii^ 
the  front  cannot  have  been  less  than  SCO  or  800  feet  hi^er  in  1906  than  it  was  in  1905. 
The  advance  of  the  front  of  the  bulb  upon  the  interior  flat  was  in  the  nature  of  overriding 
rather  than  a  pushing  forward  of  the  ice  beneath  it,  plainly  proving  that  the  ice  beneath 
the  flat  was  very  thin.  For  this  reason,  the  effect  of  the  thru.st  was  not  communicated 
across  the  flat  to  the  outer  bulb,  which  remained  the  same  in  1906  as  it  was  in  the  previous 
year. 

One  of  tte  most  notable  diaQges  brought  about  Iqr  the  advance  wns  upon  Ibe  mergual 
drainage.  By  overriding  the  granite  gorge  the  outflow  of  the  glacial  torrent  at  this 
point  was  checked  and,  for  the  time  being,  the  interior  flat  was  robbed  of  this,  the  greatest  | 

source  for  the  alluvial  deposits  that  had  been  accumulating  in  it.  At  the  same  time, 
naturally,  the  volume  of  the  glacial  stream  tliat  outflowed  through  tlie  ice  gorge  across 
the  outer  bulb  was  correspondingly  diminished  and,  therefore,  the  principal  source  of 
water  for  the  building  of  the  western  part  of  the  great  alluvial  fan  beyond  the  outer 
bulb  was  withdrawn.  TUs  aBnvial  fan,  the  largest  in  Bnssefl  Fk>rd,  was  notable  not 
onify  for  its  siae  but  also  because  its  eastern  half  was  covered  by  an  alder  thicket,  while 
its  western  half,  crossed  by  the  branches  of  the  stream  just  mentioned,  was  barren  of 
vegetation,  as  is  normal  for  gro^\'ing  alluvial  fans  in  this  region.  The  presence  of  alder 
thickets  on  the  eastern  half  of  tlie  fan  was  interpreted  as  proof  of  changes  of  earlier  date. 
First  there  must  have  been  streams  flowing  over  it  in  order  to  build  it;  then,  by  some 
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duuige  in  Hut  locoa  of  wntgince  of  dninage,  the  water  wms  withdrawn  from  the  weetern 

half  of  the  fan  allowing  the  development  of  an  alder  thicket.  The  nuttuxty  of  the  alden, 
mdicates  that  the  change  in  conditions  occurred  not  less  than  a  quarter  of  a  century 
eariier.  The  cause  for  this  change  in  drainage  was  inferred  to  be  recession  of  the  glacier, 
permitting  a  new  point  of  outflow  for  the  main  drainage  of  the  southern  portion  of  the 
Variegated  Glacier,  and  the  natural  inference  was  that  this  change  was  aiisociated  with 
the  passage  of  tiie  dfdiuige  ttuoogli  the  granite  gorge  into  the  intOMT  flat  and  tfaenoe 
ont  thiom^  Hie  ice  fotge  apan  the  western  margin  of  the  aflnvial  fan. 

Tlie  neennwy  of  lids  inteqifetation  was  verged  in  1906,  for  then,  by  the  closing  of  the 
granite  gorge,  the  southern  marginal  drainage  was  forced  to  flow  along  the  southern 
mai^n  of  the  glacier  and  emerge  upon  the  eastern  side  of  the  alluvial  fan.  This  new  locus 
of  emergence  turned  the  distributaries  of  the  glacial  torrent  down  over  the  ea.stem  half  of 
the  alluvial  fan,  as  it  had  doubtless  done  in  earlier  time,  and  the  alder  thicket  was  being 
inuidatnd  wmI  dBitwyed.  Jn  one  of  oof  <!nxwfiLhmi  m  wen  oliBS''^  to  ctout  llus  put 
of  the  aflwdal  fan,  fording  downs  of  mnddy  torrents,  and  we  witnessed  a  stage  in  the 
destradioii  of  the  alder  thicket  front  near  at  hand.  The  budies  weie  being  submerged  in 
ice-oold  water  and  in  the  rapidly  accumulating  deposits  of  coarse  gravel  wliich  the 
glacial  torrent  was  unable  to  move  further.  Many  of  tlie  bushes  were  uprooted  and 
were  being  whirled  off  toward  the  sea;  others  were  dying  from  the  long-continued  sub- 
mergence beneath  the  ice  waters;  and  others  were  being  killed  by  tlie  deep  burial  of  their 
noti  beoMift  Ifcfl  aeevnniating  gravels.  AU  the  bashes  wen  in  full  leaf,  proving  that 
tto  dmwge  had  ooenmd  dming  tiio  gmiiiig  season  of  1905. 

n§  VaUey  Portion  in  1909.  On  our  visit  in  the  summer  of  1909,  we  found  that  the 
advance  of  the  Variegated  Glacier  had  entin|70SasQd»  and  that  here,  too,  ablation  had 
healed  the  surface  so  that  travel  over  it  was  again  possil)le  (PI.  LV).  The  surface  was 
still  very  rough,  and  there  were  many  crevasses,  but  it  seemed  probable  that  one  eould 
go  up  the  glacier  as  far  a^  we  went  in  1905,  though  with  much  greater  difficulty.^  We  did 
aot  attempt  tiii«,  tlHNii^  wt  went  out  to  the  center  of  the  glacier,  uteo  Hemsfges  tram 
tiM  mooBtains,  and  obtahwd  a  dear  idea  of  the  condition  both  in  its  upper  and  lower 
porlhilia.  One  photogiajdi,  taken  from  a  pdnt  not  far  away  from  the  place  where  the 
red  moraine  stood  in  1905,  shows  the  difference  in  oondition  very  dea^.  In  1905  there 
was  a  smooth,  dirt-stained  glacier  surface,  terminating  abruptly  in  a  wall  of  red  mo- 
raine which  rose  on  the  down-stream  side  (PI.  LIII).  All  below  this  was  a  rough, 
moraine-covered  ice  surface  with  the  concentric  bands  of  moraine  already  described; 
above,  afl  was  smooth  ioe  with  the  exception  of  an  occasional  crevasse  and  a  few  small 
moraine  ridges.  In  1909,  on  the  other  hand,  the  dear  ioe  area  extended  down  mndi 
farther  (PL  LTV),  the  banded  moraines  were  gone,  and  the  ice  sotfaee  oonsisted  of  a 
confused  series  of  elevations  and  depressions  with  many  shallow  crevasses.  We  found 
it  necessary  to  select  our  route  with  care  where  in  1905  we  could  go  in  almost  any 
direction  with  equal  ease.  But,  different  as  the  surface  was  from  the  condition  in  1905, 
it  was  even  more  strikingly  different  from  its  condition  in  1906. 

There  are  two  other  notable  ooutnite  between  the  1905  and  1900  condition  of  this 
^ader.  Ittthefotmeryearthcreweramaigind  valleys  where  the  i^acierenie^ 
ito  mountain  vaO^;  but  in  1909  these  were  gone  and  the  ioe  was  in  oontaetwithtiw 

*1n  Ifll  a  BomdBfjr  Sorwy  pulgr  went  Vsriaastod  Gbder  to  ito  veqr  hndaadfMttd  ao  diOentty 
lAatem  In  Imvabg  om  the  snfiwe  irUeh  tras  baputMf  tmrnad  fa  1906. 
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mountain  wall  without  intervening  depression.  Furtiier,  the  ice  was  perceptibly  hi^MT 
than  in  1905.  We  could  not  determine  the  exact  amount  of  thickening,  though  it  was 
certainly  not  less  tlian  100  feet  where  the  glacier  passM  out  from  its  mountain  valky« 
but  the  ice  surface  was  not  so  high  as  it  was  in  1906. 

Banded  Moraines  on  Expanded  Bulb  in  1909,  The  most  noteworthy  change  in  condi- 
tion of  the  Varifl^ited  Glacier  in  1000,  as  cmnpeied  with  1000,  vaa  Uiat  the  fine  oolond, 
banded  morainea  that  in  the  former  year  oovered  the  ice  between  the  interior  flat  and  the 
mountain  valley  were  now  gone.  We  could  no  longer  trace  the  fomcr  enooeMioB. 
The  purple  and  green  moraines  were  entirely  destroyed,  and  the  other  moraines  were 
so  disordered  and  displaced  that  we  could  no  lonj»er  correlate  them  with  the  moraines 
of  1905 ;  but  ablation  was  at  work  covering  the  ice  surface  with  new  moraines  of  different 
kind  and  color  (Fig.  8). 

We  CTooaed  this  glacier  from  Uib  north  dde  neer  the  moath  of  llie  monntain  valkif 
to  the  interior  flat.  There  was  abundant  evidence  that  the  Racier  had  been  profooBdly 
Iwolmif  but  it  was,  nevertheless,  a  matter  of  unceasing  astonishment  that  in  so  short 
an  interval  ablation  had  so  effectually  healed  the  broken  glacier  surface.  \Miere  the 
moraine  cover  was  not  thick  enough  to  protect  the  ice,  its  surface  was  thrown  into  a 
series  of  great  waves,  50  to  75  feet  high,  with  tlie  areas  of  greater  crevassing  mainly 
in  the  depressions.  In  addition,  there  were  many  smaller  ice  ridges  and  hummocks, 
•D  nndk  loonded  by  ablatioiL 

The  area  of  deer  ioe  cKlended  hr  down  below  ite  fboner  poiitioii,  a|i|My«nt|y  n  ank 
or  more,  and  the  pronounced  red  moraine  that  formerly  rose  as  the  lower  border  of  the 
clear  ice  had  apparently  been  carried  bodily  forward  and  incorporated  in  the  ice.  A 
small  area  along  the  northern  margin,  which  was  not  profoundly  affected  by  the  advance, 
was  still  stagnant  and  retained  a  series  of  bandetl  moraines;  but  everjn^'here  else  inside 
the  interior  flat  the  old  series  of  variegated  moraines,  from  which  the  name  of  the  glacier 
was  derived,  had  been  destroyed.  In  their  piaoe  an  entir^  new  set  of  wholly  diffcrcai 
diaiaeter  and  aiiaagenMnt  had  began  to  develop.  On  the  southeast  ride  a  band  of  iidiite 
granite  niiaiiie  appealed,  but  it  did  not  swing  out  into  the  ice  in  crescentic  form.  Then, 
after  an  inter\'ening  area  of  dear  ice  (PI.  LVI),  a  band  of  black  hornblende  moraine 
swept  in  a  great  crescent  far  across  the  ice  bulb,  which  was  here  expanded  beyond  the 
mountain  front.  This  morainic  crescent  was  not  complete, l^eing  most  pronounced  toward 
the  sides  and  dying  out  completely  near  the  center,  where  in  its  place  was  a  red  gneiss 
moraine  w^^f^  thinner  and  less  iwwmwwwmI  fhim  the  one  of  Made  honiblende. 

Both  on  its  inner  and  outer  face  the  black  hornblende  moraine  lose  about  100  feet 
above  the  dear  ice.  This  gives  a  rou^  measure  of  the  extent  of  ablation  on  this  ice 
surface  since  1906,  for  it  is  not  to  be  supposed  that  the  moraine  had  any  notable  initial 
elevation  during  the  crevassing  and  forward  motion  of  the  ice.  Although  it  is  true  that 
the  ice  under  the  ridge  has  also  been  somewhat  lowereti,  it  has  been  much  protected  by 
the  debris,  and  in  the  meantime  the  clear  ice  has  been  lowered  over  100  feet.  Therefore, 
suMse  1006^  the  general  ablation  in  this  section  has  been  in  cowess  of  100  fast,  and  tfaii  I 
fact  gves  a  basis  lt»  understanding  the  reBMrimMe  effectiveness  of  ablatio 
the  broken  surface.  One  very  noteworthy  fact  was  the  shallowness  of  the  crevasses,  for 
in  1909  the  bottoms  of  even  the  deepest  were  visible.  It  was  evidently  only  the  rigid 
upper  ice  that  was  broken,  and  the  breaking,  though  extendiag  down  over  100  feet, 
probably  did  not  much  exceed  200  feet. 
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Outside  of  the  black  moraine  was  a  broad  area  of  dew  ioe»  idiich  in  time  JBOa^  give  riae 
to  a  small  interior  flat,  though  possibly,  as  ablation  proceed*!,  a  sufficient  ammmt  of  in- 
corporated debris  will  be  concentrated  on  the  surface  to  prevent  this.  Beyond  the 
area  of  clear  ice,  at  the  very  edge  of  the  broken  portion  of  the  glacier,  and  on  its  front, 
•whidx  rises  above  the  interior  flat,  was  a  veneer  of  reddish  orange  moraine.  This  was 
apparent^  a  mam  of  the  old  monune  cover  poahed  loiwaid  and  iiiiaed-iip»  at  least  each 
«{ it  as  has  not  been  ino(»pointed  in  the  ioe.  All  aMnWancifs  of  the  fonner  »^"»g  of 
moraine  had  diM^peaied  and  the  waiy  eartenilve  morainic  area  in  the  broken  portion  of 
the  glacier  was  this  reddish  orange  moraine  which  covered  the  front  of  the  inner  bulb 
and  a  narrow  strip  back  of  it, — a  total  width  of  ^  to  ^  mile  of  moraine-veneered  ice^  where 
in  190J  til  ere  were  two  miles  or  more  of  banded  moraine. 

Excepting  at  the  front  ol  the  bulb,  near  the  interior  flat,  the  morainic  veneor  was  veiy 


Aa>  ft.  ItoiMRmfiiAii  BaonoM  ov  VAuaaMnD  OLMiBb 


thin  and  unstable.   Ablation  was  still  rapidly  in  progress,  even  in  tlie  morainic  area,  but 
the  d^ris  cover  was  becoming  thick  enough  and,  over  large  areas,  general  enough  so 
ttat  the  ivtim  nte  of  aMetiftn  will  be  mateiiallF  ^*hfi4Bwl, 
Aside  ton  ti>e  sudden  advance,  aoddencesiation  of  the  advance,  and  subsequent  rapid 

ablation,  one  of  the  moit  notable  features  is  the  development  of  the  black  moraine 
(Fig.  8),  apparently  the  result  in  part  of  the  re-establishment  of  contact  with  the 
black  hornblende  portals  to  the  mountain  valley,  in  part  to  the  outward  movement  of 
the  black  hornblende  lateral  moraine  that  before  1906  had  developed  in  the  marginal 
gully  at  the  mouth  of  the  moimtain  valley.  In  earlier  days,  when  the  glacier  was  in 
eootact  with  these  iraUq,  its  euncnts  oairied  the  dAm  out  far  eoough  to  giw 
great  cnsoent  that  fuma  the  outer  will  of  the  inteiior  flat  nest  Hubbard  Gkcier;  but 
by  the  spasmodic  rush  of  1908»  which  again  established  contact  with  the  black  horn- 
blende sIof>es,  the  forward  advance  was  so  soon  ended  that  the  black  moraine  could  not 
be  ca.ried  out  nearly  so  far.  It  lies  a  mile  or  more  from  the  cres<:ent  on  the  outer  margin 
of  the  flat.   Had  the  ice  advance  continued,  and  the  glacier  spread  out  in  a  broader  bulb. 
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•ad  overridden  the  interior  flat,  the  new  black  hornMende  motaine  mij^t  have  beea 
podied  out  as  far  at  the  old  one.  One  may  infer,  that  the  cid  Made  homblende  moraine 

was  not  the  remit  of  a  spasmodic  advance  similar  to  that  of  1900,  but  either  of  a  mnA 
greater  advance  of  this  character,  or  dee  oi  a  continiioos  advance  maintained  lur  a  cotk- 
eiderable  period  of  time. 

While  Uie  most  striking  feature  of  the  Variegated  Ghicicr  in  1009,  as  ("onipared  witL 
its  condition  in  1905,  was  the  utter  change  in  the  moraines,  there  are  otiier  notable  differ- 
cnoee.  One  ol  these  ma  the  abeeace  of  irefl-4cftaedioe  drainage  and  ol  large  mowliBe; 
but  theee  wm  dev<Aiping.  Another  noteworthy  point  is  the  evidence  of  lowering  ef 
ttTe  ghicier  surface  since  the  advance  of  ^906.  This  has  already  heiea  discussed  in  our 
consideration  of  the  effect  of  ablation  in  smoothing  the  broken  glacier  surface.  It  is  also 
clearly  evident  by  a  comparison  of  the  earlier  photographs  with  the  1909  condition. 
For  instance,  we  reoccupied  the  sites  of  1906  photographs  on  the  south  side  of  the  glacier, 
and  from  there  the  lowering  of  the  surface  and  change  from  a  jagged  surface  to  a  roiling 
one  was  remarkable.  Indeed,  we  estimate  that  it  has  amounted  to  at  least  800  leet» 
and  probably  as  mudi  as  900  feet  in  the  part  of  the  glacier  tying  beyond  the  mountain 
valley,  though  less  within  this  valley;  but  ^diether  all  tibis  knrering  is  due  to  ablation  is 
not  oeitdn.  It  is  probable  that  there  had  been  some  settBng  doe  to  lutiur  floirage  of 
the  leader  after  the  thickening  which  the  spasmo<lic  advance  caused. 

As  compared  with  the  Atrcvidu  and  Ilaenke  Glaciers,  while  the  main  changes  since 
1906  have  been  the  same,  Variegated  Glacier  introduces  one  point  of  notable  difference. 
The  two  other  glaciers  have  reverted  to  their  former  completely  moraine-veneered  con- 
dition, the  only  cnoeiition  being  m  the  area  of  clenr  100  intiodneed  in 
outside  the  mooatatn  front.  But  TariegatedGlader  has  not  returned  to  its  fonnor  eon* 
ditfan,andtlioanaof  clear  ioe  beyond  the  mountain  front  is  greatly  increased.  A  partial 
answer  to  the  question  as  to  the  reason  for  this  difference  is  undoubtedly  that  originally 
there  was  less  thickness  of  ablation  moraine  on  the  Variegated  bulb,  this  being  possibly 
due  to  the  greater  stability  of  the  crystalline  rocks  of  its  mountain  valley  as  compared 
with  the  fissile  and  crumbling  sedimentary  rocks  which  enclose  the  valleys  of  the  other 
two  glaciers.  But  this  answer  is  only  partial,  for  the  Variegated  bnD>  wat  abaoil  nai> 
fonafy  moraine^sovered  in  1905  and  now  it  is  not.  TUs  moraine  has  gonesumowhe  re. 
It  is  not  swallowed  up  in  the  crevasses,  for  the  bottoms  of  most  of  them  are  visible; 
and  the  on^  conclusion  that  one  can  reach  is  that  it  has  been  carried  forward.  This, 
liowever,  raises  a  new  difficulty.  Had  the  red  moraine  been  bodily  moved  forward  a 
mile,  carried  on  the  glacier  surface  while  clear  ice  from  above  followed  down  behind  it, 
the  front  should  have  moved  forward  appro.ximately  that  amount;  but  it  did  not.  To 
account  for  the  increase  in  the  area  of  clear  ice,  and  the  forward  movement  of  the  mowho 
cover  without  a  pronounced  advance  of  the  ^ader  front,  seems  to  us  imposeiilo  of  ck* 
phnation  on  any  other  hypothesis  than  that  dear  ice  from  below  has  risen  up  hete,  and 
displaced  and  pushed  the  old  moraine  cover  forward  and  to  the  sides,  and  that  the  trans- 
fer of  ice  and  moraine  has  been  accomplished  by  thickening  of  the  bulb  rather  than  by  a 
pronounced  forward  movement  of  the  front.  With  reference  to  the  valley  part  of  the 
glacier  this  clear  ice  area  had  the  sainc  rcl.itive  {wsition  as  that  of  the  Atrevida.  It  is 
possible  that  in  these  two  c&ses  we  have  an  illustration  of  the  same  phenomenon  and  an 
explanation  of  the  development  of  dear  ice  arats  that  afterward  form  interior  llata. 

The  InUrior  Plat  in  1900,  In  1900  wo  raoceiqpied  essentially  the  sameritooas  tiioss 
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As  compared  with  1905.  the  front  of  the  glacier  irbtn  it  BMt  ftbove  the  interior  flat  was 
much  higher,  steeper,  and  more  irregular;  but  as  compared  with  1906  it  was  both  lower 
and  much  smoother.  The  serrated  crest  and  steep  glacier  front,  greatly  broken  by 
crevasses  in  which  clear  ice  appeared  in  1906,  had  by  1909  slumped  into  an  undulating 
moraine-covered  slope  (PL  LII)  up  which  we  could  easily  climb.  We  camiot  tell  exactly 
bov  nmcli  diange  had  taken  i^aoe,  for  it  waa  impotable  to  ooeiqnr  ezacttjr  the  aame 
iJwtoltnmliie  ntea  aa  in  pwviow  7«an,  o^iring  to  rfmnping  ot  the  nrntaine  from  iHiich 
ear  earlier  pictures  were  taken;  but  there  had  certainly  been  a  change  amoonting  to 
•cores  of  feet.   Throuf^out  this  ice  face  it  is  evident  that  the  veneer  ii  thin» 

excepting  near  the  ice  base  to  which  much  debris  has  fallen. 

The  most  noteworthy  fa<  t  with  regard  to  the  ice  condition  here  is  the  evidence  that 
when  we  observed  the  Variegated  Glacier  in  August,  IQOti,  it  had  advanced  appiozi« 
mate^toitamaximnm.  Not  on^  did  tbe  advance  not  affeet  the  UM&Loinbkndenie- 
soine  on  tiie  eater  ride  of  liw  interior  flat,  Imt  it  piodneed  no  ftutiw 
iat.  Thus  in  an  interval  of  less  than  a  year  an  utter  tranafoimatica  of  Variegated  Glacier 
occorred,  breaking  its  surface,  thickening  it,  and  causing  some  advance,  but  not  affect- 
ing the  outer  stagnant  portion.  Since  1906  there  had  been  no  notable  recession  of  the 
broken  front,  for  willows  grew  right  up  to  the  base  of  the  moraine;  but  recession  would 
hardly  be  ocpected  here,  where  moraine  was  sliU  sliding  down  the  steep  front  and  form* 
ing  a  pn^ecUng  talos  al  its  ban. 

The  gfaadte  goige  virilJe  in  IMS  waa  atin  covered  bj  the  ^acier»batnioeewat^ 
from  this  portion  Iban  in  1906,  though  not  neaily  to  much  as  m  1905.  Evidentljr  tbe 
subglacia]  drainage  was  again  developing,  and  we  may  with  safety  predict  a  reoccupation 
of  this  area  by  a  large  glacial  stream.  There  was  no  noteworthy  difference  in  other  parta 
of  the  interior  flat  and  the  description  of  its  condition  in  100.5  and  1906  still  af)plicd  to  it. 
There  was  a  fair-sized  stream  from  the  north  side,  apparently  of  about  the  same  size  as 
&i  previous  years,  hot  more  vmter  than  in  1908  aemed  fhe  flat  from  tibe  ice  front  and  ee- 
caped  throo^  the  goffe  in  the  outer  glader  to  the  aea. 

n$  Outer  AUuvud  Fm  m  IMP.  Li  1900  we  again  visited  the  huge  alluvial  fan  of  the 
Orange  and  Variegated  Glaciers,  whose  alder  cover  in  1906  was  being  destroyed  by  the 
floods  of  icy  water  and  gravel  that  swept  down  the  eastern  half  of  the  alluvial  fan.  The 
glacial  torrent  still  emerged  from  the  southern  margin  of  the  Variegated  Glacier,  appar- 
ently in  nearly  as  great  a  volume  as  in  1906,  but  its  course  was  now  shifted  to  the  central 
andvrasteniiMeeeftiiealhiviBlfMk.  Before  its  counewaaddfted,  lkowever,itbadaooom- 
pBehed  great  deetroctkm  in  the  alder-covered  acne.  There  was  some  alder  left,  notably 
a  band  on  the  eastern  margin  of  the  fan  and  a  V-shaped  wedge  out  toward  the  middle; 
but  fully  half  the  alder  cover  had  been  destroyed,  and  the  alluvial  fan  surface  was  littered 
with  uprooted  alder  bushes  which  had  been  washed  down-stream  and  become  .stranded, 
some  of  them  again  taking  root  in  the  gravels  in  which  they  were  cml)0(klo<l.  Some  of 
the  alder  still  standing  in  place  was  partly  buried  by  a  deposit  of  a  foot  or  more  of  coarse 
gmvel,  and  aome  bad  been  killed  by  depoeit  witliout  being  uprooted.  Since  we  aaw 
Ibe  alder  still  gnming  in  the  midst  of  tbe  muddjr  diitributariee  in  August,  1906,  the 
■eascm  when  the  destruction  began,  and  since  much  alder  had  been  removed  before  1909, 
we  assume  that  the  destruction  continued  throughout  the  season  of  1907  and  possibly 
into  1908;  bat  in  1900,  for  a  time  at  least,  the  destruction  of  the  alder  here  had  ceased. 
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Hie  giMt  vohime  of  water  involved  m  thia  iroiic  of  dertnictioii  it  deeritsr  diown  wm  hy 
the  nehroik  of  small  and  large  channel  scan  ^rfiich  extend  across  the  formerly  alder- 
eoveied  part  of  the  fan  as  well  as  by  the  aoore  or  two  of  atieeBU  whidi  liad  to  be  focded 

in  crossing  the  alluvial  fan  in  1906. 

Banded  M oraines  Outside  the  Interior  Flat  in  1909.  In  general  features  the  outer  banded 
moraines  of  the  Variegated  Glacier  bulb  beyond  the  interior  fiat  were  in  tlie  same  condi- 
tion M  in  1905.  It  is  certain  that  the  thrust  from  the  advance  of  the  Variegated  Glacier 
did  not  effect  Uiis  stagnant  portion  of  its  bulb  in  the  least  in  our  eiconions  over  it 
several  observations  in  addition  to  those  of  previous  years  were  made.  Peiliapo  the 
most  important  of  these  was  the  clear  indication  of  the  presence  of  ice  under  even  the 
ontemiost  portion  of  the  western  edge,  nearest  Iluhhiml  Glacier,  and  only  a  few  hundred 
feet  from  the  sea.  \Vhile  ice  was  not  actually  .seen  liere,  there  was  a  small  pond  of  cold 
water  milky  with  sediment,  such  as  could  only  come  from  ice,  and  on  its  shores  were 
areas  of  fresh  slumping  clearly  indicative  of  the  presence  of  ice  beneath. 

Farther  biwkfeom  the  ftotd  there  was  increasing  evidence  of  the  presence  of  i^ 
the  amoont  of  slumping  and  in  the  oonditiott  of  the  vegetation.  Over  most  of  the  black 
hmmblende  moraine  there  were  abundant  small  areas  with  no  vegetation  whatsoever. 
Then  came  little  clusters  of  flowering  plants,  or  equisetae,  or  grass,  or  wilIo\^'s  from  one 
to  five  years  old;  and  now  and  then  a  large  willow  bush  or  even  a  cluster  of  them. 

Marginal  Drainage.  The  drainage  condition  is  noteworthy.  The  northern  mar- 
ginal drainage  followed  the  ice  edge  for  a  while,  then  cut  across  a  part  of  the  glacier 
in  a  narrow  ice  valley,  then  coqMnded  over  a  broad  interior  flat,  whidi  rested  on  glacier 
ice  and  was  completely  bordered  by  ice  except  in  the  two  gorges,  one  at  the  point  where 
the  drainage  entered  it,  the  other  at  the  point  where  it  left  the  interior  flat.  On  this  flat 
the  stream  was  dqx>siting  much  of  its  .sediment;  it  then  emerged  from  the  interior  flat 
through  a  gorge  cut  across  the  outer  bulb  of  the  glacier,  and  finally  entered  the  sea  over 
the  large,  partly  alder-covered  alluvial  fan.  In  190*5  a  still  larger  stream  and  perhaps 
practically  Uie  whole  drainage  of  the  Variegated  Glacier  and  of  Orange  Glacier  entered 
this  flat  and  joined  the  north  stream  just  above  the  outlet  gorge.  It  is  a  most  excep- 
tional drainage  condition,  and  the  dqiostts  left  here  whoi  the  ice  melts  out  from  beneath 
them  will  be  conqdeK  and  peculiar.  There  were  no  visible  diangea  in  drainage  or  mondiie 
distribntionfiy  June,  1010,  though  time  was  not  available  for  a  re  ewaminatiom  that  year. 

Orange  Glacier 

General  Description.  Immediately  east  of  Variegated  Glacier  is  a  broad  valley  occupied 
by  a  glacier  somewhat  more  than  a  mile  in  width,  which  terminates  close  by  the  southern 
margin  of  V  ariegated  Glacier  in  a  low,  gently-sloping  ice  front  which  on  the  northern  side 
barely  coalesces  with  the  Variegated  Glacier.  From  this  front  the  Orange  Glacier  rises 
with  moderate  slope,  varying  from  5  to  Ig  dqgrees,  thoogh  rarely  attaining  so  steep  a  dope 
as  the  latter,  finally  leadUmg  a  broad,  flat  divide  at  an  devation  of  about  8500  feet.  The 
divide  area  is  above  the  snow  line  and  from  it  the  ice  descends  not  only  westward  to  form 
the  Orange  Glacier,  hut  eastward  towards  Nunatak  Fiord  to  form  an  unnamed  glacier, 
to  which  reference  will  he  made  in  the  next  section.  The  valley  that  this  glacrier  occupies 
is  therefore  a  through  valley,  and  the  glacier  is  a  typical,  though  small  example,  of  a 
through  glacier. 

Hie  Orange  Glacier  surface  is  smooth  and  relalively  free  from  crevassing,  the  ienr 


Digitized  by  Google 

1 


VARIEGATED,  ORANGE  AND  BUTLER  GLAC 


vm 


twvwmm  mnriMte  tnteiferiiig  wHh  fne  travel  ovw  llw  ice  MilMe.  Ttom  this  it  ii  in- 
ferred that  the  gladcr  ii  nxmBg  vaiy  doiriy.  Much  ol  tfie  surface  is  darkened  by  fine 
morainic  d6bria,  but*  excepting  at  the  margin  and  in  the  narrow  bands  in  the  middle,  there 

is  no  continuous  morainic  cover.  In  fact,  wlien  viewed  from  a  distance,  the  glacier  has 
the  appearance  of  being  entirely  free  from  moraine,  with  the  exception  of  medial  and 
lateral  moraines.  No  large  tributaries  to  this  glacier  are  visible,  and  it  i^  certain  that 
•one  bat  small  tributades  enter  fkom  the  south,  for  on  this  side  tihsn  is  only  a  nairmr 
fiBge  of  mountaiiis  with  peeks  tiiat  rise  bat  a  or  seven  thowsead  Iset  There  is  • 
possibility  that  several  tributaries  of  medium  sise  enter  from  the  mvth,  and  one  tributaiy 
is  shown  in  a  Boundary  Survey  photograph  of  1906.  There  can  luurdly  be  any  large 
tributaries  from  this  side,  because  the  Variegated  and  I^utler  Glaciers  head  back  in 
the  mountains  to  the  north,  and  so  near  a.s  to  cut  off  any  possihility  of  !(mfi  feeders  to  the 
Orange  Glacier.  The  slight  motion  in  the  Orange  Glacier  is  furtlier  indication  of  the 
ibeenee  of  faHge  tributaries,  ftms^thnslore,  suggested  in  the  rqxwt  of  the  lOOSaad 
UOecaqieditioBstfaetthisirosinieofilyairsstiiifftiifoughgl^^  ftiemiitiitofafomier 
greater  through  glacier  whidi  crossed  this  divide  from  Nunatak  Fiord  to  BosseU  Fiord 
in  the  neighborhood  of  Hubbard  Glacier.  In  our  cspeditaon  of  1909  we  mw  bo  reason 
for  qnostioning  this  hypothesis,  nor  did  we  discover  any  additional  facts  bearing  upon  it. 

Contrast  with  Variegated  Glacier.  Orange  Glacier  is  of  special  interest  from  two  differ- 
ent standpoints,  both  of  which  may  be  made  clear  by  contrast  with  tlie  conditions  in 
Variegated  GhMaer.  Hue  fint  of  theie  oontiasis  Is  the  diffofenoe  in  the  geneial  diano- 
tsristiceof  thetwo^acien.  The  YariogatedGkcier  winds  down  through  a  deep  moon- 
tam  valley,  then,  emerging  from  its  valley,  spreads  out  at  the  mountain  base  in  a  broad, 
sqMUided  piedmont  bnlb.  Orange  Glacier,  so  far  as  we  have  seen  it,  is  a  broad,  slowly- 
moving,  through  glacier  spreading  down  in  both  directions  from  the  divide  area.  This 
through  glacier  terminates  on  each  end  without  any  notable  expansion  and  without  any 
considerable  area  of  ablation  moraine.  There  also  seems  to  be  a  distinct  difference 
in  the  aouee  of  the  iee  of  the  two  ^adafs.  That  giving  rise  to  tiie  Variegated  Glaeier 
is  derived  ham  now  slides  and  numerous*  dioft,  tributaiy  ^buaras  hem  the  steepty- 
enclosed  mountains.  The  ice  supply  for  Orange  Glacier  is  also  partly  derived  ffom  the 
I  sliding  of  snow  and  the  descending  of  short  tributaries  from  the  enclosing  mounUuns, 
but  a  considerable  portion  of  the  supply,  and  perhaps  the  major  part  of  it,  is  the  snow 
that  accumulates  on  the  broad,  flat  divide  from  wliidi  the  ice  descends  eastward  and 
westward. 

The  aeeond  noteworthy  diBewneehctween  the  Otaafe  and  Variegated  Glacien  is  in 
Ihsir  behavior  daring  the  period  of  observation.  Variegated  Glaeier,  was  sabjeoted  to  a 
ipesiiMHfir  advance  fagr  which  its  surface  was  broken  from  as  far  up  the  mountain  valley 
as  we  could  see,  far  down  into  the  stagnant  piedmont  bulb,  but  before  1909  it  had 
ceased  to  advance.  Orange  Glacier,  on  the  other  hand,  was  in  the  same  condition  in  1906, 
as  it  was  in  1905,  and  in  1009,  1910  and  1913  its  condition  had  not  changed.  If  this 
glacier  is  a  wasting  through  glacier  remnant  there  would  be  no  reason  to  expect  an  ad- 
venee  in  leqionee  to  the  eaitbgwainft  shaking  of  1880.  B  its  iee  supply  comes  mainly 
Iran  the  downiJiding  of  snow  and  from  riiort  mountain  tributsries,  we  should  have  ex- 
pected some  advance  before  1910.  The  fact  that  there  has  been  no  such  advance  sup- 
ports the  interpretation  of  the  origin  of  this  glacier  cited  above.  The  only  alternate 
hypothesis  to  account  lor  the  isilure  of  this  glacier  to  ttMpaad  to  the  influence  of  earth- 
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quake  ahakiiig  is  thet  it  is  supplied  by  a  long  ^ader  from  the  iioffh,iviiidu  flowing  ooft 
upon  the  broad  divide  area,  distributes  its  ice  both  to  the  east  and  to  the  west,  and 
idiose  length  is  so  great  that  the  response  to  the  earthquake  shaldng  has  not  yet  reached 
the  two  distributing  anns.  This  does  not  seem  probable  to  us. 

BuTLKR  Glacier 

General  Description.  Back  of  the  low  mountain  range  on  the  north  side  of  Nunatak 
Fiord  li^  the  east  end  of  the  Orange  through  glacier.  This  was  not  visited  in  1905  or  1906 
and  the  exact  conditioBa  wcie  midnterpreted.  It  ma  tiien  thought  that  the  eaaten 
end  ef  the  Orange  thvougb  glacier  expanded  beyond  the  UKMmtain  front  in  a  broad, 
moraine-coTwed  inedmont  ice  bulb.  In  1909  una  Recovered  that  this  eastern  end  of  the 

glacier  actually  terminates  well 
within  the  mountain  valley  in  a 
steeply-rising,  moraine-covered  ice 
front.  This  fact  is  further  indica- 
tion tiiat  the  Qiange  thnugh  glar 
ciw  is  weak  and  is  supplied  from 
no  very  extenave  sources.  Other- 
wise it  would  necessarily  extend  at 
least  to  the  end  of  its  mountain 
valley.  The  eastern  terminus  of  - 
this  glacier  is  evidently  essentially  I 
stagnant,  and  its  podlaoa  ia  net 
materially  differant  feom  what  it 
was  in  1905. 

The  moraine-covered  piedmont 
ice  bulb  that  was  interpreted  in 
1905  and  lOOU  as  an  extension  of 
the  eastern  end  of  the  Orange 
through  glacier  was  in  1900  found 
tobethepiedniOKtbiiibolButier  | 
Glacier  (Fig.  9),  which  descends  ' 
from  the  mountains  to  the  north. 
The  Butler  Glacier  has  not  been  studied  within  its  mountain  valley,  and  its  conditions 
are,  therefore,  not  known,  but  that  it  has  considerable  Icngtli,  and  a  fairly-extensive  sup- 
ply, is  indicated  by  the  fact  that  it  has  been  able  to  push  itself  out  beyond  the  mountain 
front,  wiiefeaa  the  mueh  laiger  Orange  Glader  has  not  been  able  to  do  ao.  In  Uie  -view 
up  the  vall^  which  we  obtained  we  saw  one  good-sised  hanging  tributaiy  and  we  alao 
saw  clear  ice  within  the  mountain  valley. 

The  Builrr  Glacier  Bulb.  The  part  of  Butler  Glacier  !>eynnd  tlie  mountain  front 
possesses  features  of  distinct  interest.  It  spreads  out  in  a  sta^jnant  bulb  completely 
across  the  Orange  Glacier  tlirough  valley,  and  is  separated  from  the  Orange  Glacier  by  a 
well-defined  depressim,  though  it  is  possible  that  in  this  depression,  which  we  did  not 
visit»  the  two  ^aden  eoaleaee.  Vwm  this  eoqMnded  bulb  a  good-iiied  glacial  atrean 
emeigea  and  flows  through  a  broad,  deep  gorge  (PL  LVD,  B)  cut  in  weO-usM^ 
fled  gravels  which  rise  alniost  vertically  ton  hei^t  of  fiil^  100  leet  Beyond  th^goiga 
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the  stream  divides  into  many  branches  over  an  alluvial  fan  which  it  is  building  out  into 
Ifofiofd.  Tbm  is  a  luge  »m  of  graveb  to  tike  MmUieMt  at  the  wpwided  ioe  and 
l^niget  eat  in  them  dMfirckeil^thet  they  fom  Chiegoige»inparticnlar, 
now  no  longer  occapied  fay  the  etieam,  has  in  front  of  it  a  well-defined  alluviel  luL  Hue 

abandoned  gorge  and  fan  prove  clearly  that  there  have  been  important  changes  in  the 
drainage  along  the  front  of  the  ice  bulb  of  Butler  Glacier.  Kven  more  noteworthy  in 
this  connection  is  the  fact  that  the  upper  surface  of  the  gravels  is  fluted.by glacial  erosion, 
has  a  thin  moraine  veneer,  and  is  crossed  by  stream  channels.  At  two  points  there  are 
wefl-deflned  ttamuthtd  dcpoaite  in  tnietfliinriag  chMmela,  Aowing  tliatal  nproviom 
ttaigt  giaeiel  dndnage  ent  maom  ihtm  gmvels  at  an  elavatioii  ef  100  leal  abm  Hw 
present  stream.  This  stage  of  drainage  was  probably  at  tibe  time  when  the  glacier  CK- 
tended  further  out  to  the  heads  of  theee  diannrie  wliich  are  mm  cut  off  by  the  develop- 
ment of  the  gorge  cut  in  the  gravels. 

Between  tliis  part  of  the  gravel  terrace  and  the  sea  is  a  range  of  low,  hununocky  hiOi 
rising  to  an  elevation  of  from  100  to  175  feet,  whidi  is  undoubtedly  a  stagnant  moraina- 
cofoed  ioe  blo^  (FL  U,  B),  entirely  diaeonneeled  from  the  Orange  Glacier,  ao  far  as  wa 
eooldeea.  Inapartof tUemoiaioeiieinfttiiaglacitt^aiidoiitlieviaigiaortiw 
cut  by  present-day  drainage,  buried  ice  was  revealed  in  the  dtff  face.  The  section  hen 
from  base  to  top  is  as  follows:  Just  above  the  allu\'ial  fan.  stratified  gravels  rise  to  a 
height  of  25  feet;  above  this  are  50  feet  of  ic  e;  and,  on  the  top,  till  moraine  8  feet  deep. 
The  moraine-covered  ice  area  extends  down  to  within  an  eighth  of  a  mile  of  the  sea;  but 
it  grows  lower  toward  the  sea  and  encloses  in  a  semi-circle  an  area  where  there  is  no 
ieew  Tliiouf^oat  the  emleoa  of  fliie  BMnaine  (a,  Fig.  9)  there  ii  ahimping  of  the  eofl, 
cnddng  of  tiiegioiiiid»  aa  aboadaat  outflow  ol  oold  water,  all  deer  indBeathwi  of  the 
piemiea  of  hmied  ioe;  and  at  one  point,  a  few  hundred  feet  south  of  the  ice  cliff  already 
mentioned,  ice  was  discovered  by  digging  to  a  depth  of  about  'i  feet  at  the  base  of  the 
slumped  surface.  Even  the  outer  face  of  the  moraine  has  little  vegetation  and  a  tumbled 
appearance,  indic  ative  of  recent  sliding  of  the  moraine  through  undermining.  Over  a 
large  part  of  the  surface  of  the  moraine  there  is  a  moss  growth;  and  willow  bushes,  5 
to  10  years  old,  are  ecattered  over  the  entire  eiea;  hot  many  are  orei  turned  by  the 
didingoftheeaiL 

Hie  interpretation  of  these  conditions  is  not  difficult.    At  some  earlier  etege  a  Mliee 

of  gravels  were  deposited  here,  which  continue  nearly  up  to  \nnatak  Glacier,  everywhere 
showing  evidence  of  overriding  by  the  glacier,  which,  though  it  failed  to  remove  them, 
fluted  the  surface  into  terrace  form  and  left  upon  it  a  morainic  veneer.  These  gravels, 
apparently  contemporaneous  with  others  in  Russell  Fiord,  antedate  the  last  great  advance 
«f  the  i^acien  of  tho  Yakotat  Bay  region  when  Nnnatak  Glader  extoided  throng 
Nonatak  Fiord  and  evw  far  up  Ruasell  Fiord.  When  the  Nnnatak  Glacier  receded 
past  the  mouth  of  the  Butler  Glacier  valley,  Butler  GSader  expanded  in  a  broad  piedmont 
ice  bulb  over  the  entire  area  between  the  mountain  ba-se  and  the  fiord.  Thi.s  bnlh  became 
covered  with  ablation  moraine  over  a  large  part  of  its  surface,  but  a  clear  ic^e  area  existed 
between  the  present  j)iedmout  area  and  the  stagnant  moraine-covered  area  just  described. 
This  clear  ice  area  has  completely  melted,  and  by  reason  of  this  fact,  together  with  erosion 
fay  the  facial  fltrcam,  tiie  ooter  moraine-oomod  ioe  area  it  now  oompletely  separated 
bam  the  glacier  irincfa  gava  it  fairlh.  We  have  lien  apparently  tlie  laat  itages  in  tlie 
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destraetioii  ol  an  inlerior  flat  mm,  mmSkr  fa,  timii^  amaOer  tliaa,  tliat  eristmg  in  tlie 
Variegated  €3acier  bulb. 

In  1905  the  Butler  Glacier  presented  no  evidanee  of  recent  advance  that  we  recognized, 
though  it  is  possible  that  it  may  have  undergone  a  transformation  similar  to  that  of  tlie 
Galiano  Glacier.  Such  a  change,  followed  by  healing  through  ablation  similar  to  that 
on  the  Galiano  Glacier  would  not  have  been  recognized  by  us  in  the  absence  of  pre\'ioua 
observations  or  photographs  for  comparison.  There  certainly  has  been  no  notable  ad- 
vanoe  aad  breaking  of  this  ^ader  between  1005  and  1810,  lor  any  dietinctive  diaqge 
would  have  been  leoogniaable  in  our  photegnqiha.  We  may*  theicloie,  assume  that 
unless  this  glacier  passed  through  a  cycle  ot  adTaooe  due  to  the  1880  earthqaahea  prior 

to  1905,  it  has  not  yet  entered  upon  it. 

Observations  in  1910  and  1913.  In  1910  and  1913,  the  junior  author  made  distant 
observations  of  Butler  Glacier  from  near  Nunatak  Glacier.  It  was  observed  that  there 
was  an  area  of  outwash  gravels  in  the  depression  between  the  eastern  end  of  Orange 
Ghcier  and  the  piedmont  area  of  Butler  Ghuaer.  ^ 

Ab  far  as  vinble  up  its  mountain  TBlkgr  Butler  Glacier  is  dear  ol  dtt>m.  It  appeared 
crcvassed  in  the  valley  portion  in  1910  where  no  particular  crevassing  was  obser\'ed  in 
1005  or  1000,  but  there  was  no  increase  in  this  area  of  crevassing  from  1010  to  1018. 
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NuNATAK  Glacier 

General  Description.^  As  in  the  case  of  all  the  larger  glaciers  of  this  region  tlie  name 
was  given  by  Russell.  He  saw  this  glacier  in  September,  1891,  from  Cape  Enchantment, 
(^podte  the  moiith  of  Nunatalc  FSoid  and  mji  *  that "  near  when  it  entcfs  the  bay  it  ii 
^fided  hj  ft  romided  butte  ef  ban  ledc  tiiaft  Hmb  throu^  it  Hke  an  idand  and  that 

suggested  the  name  'Nunatak  Glacier."*  A  nunatak  in  Greenland  is  a  mountain  peak 
rising  ahovo  the  glaeier,  which  surrounds  it,  and  Russell  speaks  of  this  in  another  publica- 
tion* as  "a  rounded  dome  of  rock  which  rises  through  the  ice  and  forms  a  nunatak." 
If  the  nunatak  had  this  appearance  in  1891  both  of  tlie  tongues  of  the  glacier  must  have 
extended  much  farther  than  they  did  in  1905;  but  from  Russell's  distant  point  of  view  he 
nii^t  wdl  have  thooi^t  the  hiD  annoonded*  even  thoo^  the  two  tongues  fell  diort  ol 
jawtioa  by  »  eonsidetable  aBMonl.  Wm  mapped  by  tbe  sorrayocs  of  the  Canadian 
Bonndaiy  Commission,  In  1895,  the  {^adcr  terminated  in  two  tongvies.  or  distributaries, 
the  northern  and  larger  one  ending  in  a  sea  cHfT  (Pis.  LIX,  LXVIII),  the  smaller,  south- 
on  one  on  tlie  land  in  a  valley  south  of  the  nunatak.  The  glacier  is  still  in  this  con- 
dition (Map  4,  in  pocket),  though  there  has  been  material  recession  in  each  of  the  dis- 
tributaries. 

From  the  tap  of  the  nunatak  one  sees  that  at  a  diatanre  of  three  or  four  miles  from  the 
sea  tiro  laigetdbiitaiies  unite  to  IbtB  the  krwerpottiott.  The  aooChanitiibutaiy  heads 

upon  a  broad,  flat,  snow-covered  divide,  beyond  which,  according  to  the  prospecton^ 
the  ice  descends  eastward  towarti  the  Alsek  valley  (PL  LVIII).  Tliere  is  certainly  an 
open  valley  without  lofty  mountains,  in  this  direction.  It  is,  therefore,  a  through  glacier, 
and  in  1898  it  was  traversed  by  prospectors  as  a  highway  to  the  Alsek.  The  Boundary 
Survey  map  indicates  also  a  branch  through  a  valley  leading  southward  to  the  Hidden 
Qaaat,  but  this  is  hidden  from  a||^t  iRNn  tiie  idaces  ivheie  wb  obtained  viem  of  tiie 
fbdsr.  We  cannot  tdl  whether  the  southern  tributary  of  the  Nunatak  Glacier  receives 
any  notable  tlibtttaries,  but  the  absence  of  medial  moraine  upon  its  surface  indicates 
that  there  arc  no  such  tributaries.  There  is  a  well-defined  lateral  moraine  on  tlie  south 
'ide.  and  another  on  the  north  side.  The  latter  joins  the  south  lateral  moraine  of  the 
north  arm  and  forms  a  prominent  medial  moraine  on  the  lower  glacier  below  the  junction 
of  the  two  tributaries.  That  the  southern  arm  receives  no  notable  contributions  from 
tdnrtaaes  is  abo  indieated  by  its  weakness,  for  the  northeni  aim  puilies  over  into  its 
Isnitoiy;  it  is  failing  to  continue  to  supply  the  land  tongue  of  the  glacier  with  ice»  and 

(8m  Tm.  B.  &  sad  MartiB,  lAWNDoa^  Gleden  sad  Ghdatka 

Soc.  Vol.  XXXmi,  1906,  pp.  uo-150:  Tuu  B.  &,  Ths  Takntat  Ihqr  Bifk^  Ahaka,  lYrfiaduiMl  Pqwr 

H  U-  S.  Gwl.  Survey.  1909,  pp.  54-58. 
<  ISth  Ann.  Kq>t.,  L.  S.  Geol.  Survey,  pt  II,  1892,  p.  8S. 
•OadM  €f  Ncrth  AMrica.  Bortoa,  1807,  p.  M. 
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its  suiface  is  not  gieatly  crevasaed.  Tha  BMMt  cwvssied  part  is  in  a  maigiaal  >»ie>  jiiit 
east  of  the  nuaaftsk  wikere  the  conditions  that  cause  eravassing  will  be  explained  later. 

The  northern  arm,  on  the  other  hand,  is  vory  vigorous  and  is  made  by  the  union  of  at 
least  three  good-sized  tributaries,  and  probably  more.  Two  of  these  are  visible  from  the 
crest  of  the  nunatak,  and  a  third  is  seen  from  the  mountain  side  southwest  of  it.  They 
are  also  indicated  by  the  two  prominent  medial  moraines  which  sweep  down  the  central 
portion  of  this  i^aekr,  and  the  probabilitgr  of  other  tribntsfies  is  ioieRed  from  tiie  fact 
that  far  up  the  TaHey  tlieie  an  five  medial  moraine  libbons.  Of  the  thiee  Is^ge  vis&ile 
tributaries  which  combine  to  make  this  arm  the  southernmost  is  i^oicntly  a  thnm^ 
glacier,  like  the  south  arm,  leading  over  to  the  Alsek  valley,  across  a  broad,  flat,  snow- 
covered  divide  from  which  the  ice  flows  in  both  directions.  The  central  tributary  of 
the  north  arm  comes  down  as  a  winding  valley  glacier  of  large  size  from  among  a  distant 
group  of  high  mountains  that  lie  to  the  northeast.  From  the  sea  to  the  head  of  this 
▼alkgr  cannot  be  less  than  15  or  90  miks.  TIm  aotthMm  Idbiiiaiy.  iifaidi  Is  appaienilsr 
much  the  largest  and  most  active  of  the  three,  comes  from  the  northwest^  and  all  but 
the  very  lower  portion  is  hidden  from  viflfir  behind  the  mountain  wall  of  the  north  side 
of  the  Nunatak  valley.  There  are  some  very  lofty  mountains  here,  and  doubtless  nu- 
merous tributaries  descend  from  them.  This  arm  of  the  Nunatak  CrlacifW  xescfaos  back 
to  tlie  sources  of  the  Hubbard  Glacier  as  a  tlirough  glacier. 

Thus,  while  we  do  not  know  even  the  general  features  of  the  upper  part  of  the  Nunatak 
Glacier,  we  do  knov  tiiat  it  is  a  long  glacier  fed  by  several  large  contributing  glaci^a, 
and  that  it  must  rank  as  one  of  the  laigest  ^aowis  of  the  resion.  That  the  ^bcier  is 
actively  moving  is  inferred  from  its  pvdbundly-crevassed  condition  from  its  sen  fnoe 
(PL  LIX)  as  far  up  the  northern  arm  and  its  tributaries  as  we  can  see.  It  is,  howev^, 
much  smaller  and  less  active  than  the  TTubbard  Glacier.  The  surface  slope  is  moderate 
and  the  snow  line  fully  ten  miles  from  tiie  sea,  .so  that  a  very  large  area  is  exposed  to 
ablation,  but  not  enough  to  cover  the  lower  end  of  the  sea  tongue  with  moraine.  The 
snow  line  seems  to  lie  hi^er  on  this  glacier  than  on  the  Hubbard,  probably  because  of 
the  sweep  which  the  ocean  winds  have  across  the  two  broad  gaps  leading  toward  the 
AbekvaDey. 

There  is  a  pronounced  lateral  moraine  on  the  north  side  of  the  northern  aim,  and 
another  on  the  smith  side  just  above  the  junction  of  the  nortli  and  south  arms,  which 
contributes  to  the  medial  moraine  already  mentioned.  There  are  also  two  n^dnding 
medial  moraines  which  are  pushed  first  to  the  east  by  the  incoming  of  the  northwestern 
tributary,  then  to  the  west  by  the  incoming  of  the  eastern  tributary;  then,  after  flowing 
medially  down  nearly  to  the  junction  of  the  two  aims,  these  moraines  are  again  turned  ft 
ri^t  angles  toward  the  west  and  thence  they  extend  to  the  sea  (PL  LX,  A)  near  and 
parallel  to  the  medial  moraine  formed  by  the  junction  of  the  north  and  south  arms.  The 
two  medial  moraines  of  the  north  arm  are  gray  in  color,  while  that  made  by  the  union  of 
the  two  arms  is  black,  suggesting  that  the  mountain  at  whose  base  it  is  formed  is  made 
of  black  hornblende  gti'Mss.  Tliat  the  northern  arm  is  far  the  stronger  of  the  two  is  cer- 
tain from  the  course  pursued  by  the  three  media]  uioraines,  which  show  the  ice  currents. 
While  they  are  turning  westward  they  are  also  extending  out  across  the  southern  arm; 
and  the  medial  moraine  made  by  the  union  of  the  two  anns  readieB  a  point  neai|y  opptn 
rite  the  center  of  this  arm  before  it  is  completely  turned.  It  enters  the  sea  in  the 
southern  quarter  of  the  glacier.  We,  ther^ore,  infer  that,  at  most,  the  south  ana  of 
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tile  Nnnatak  Glacier  iiqi^diM  ioe  oolly  lor  the  land  to^ 
of  ilieaeatotigae. 

Below  the  union  cl  the  two  armf  the  tmited  trunk  glacier  flows  on  for  tiro  milee  ot 
then  splits  on  the  east  end  of  the  nunatak  into  twodistnbtttaaes,  the  land  tongue  and  the 
sea  tongue.  The  nunatak  against  which  the  glacier  splits  is  a  double-crested  gneiss  hill 
about  2  miles  long  and  1440  feet  high  at  the  highest  point.  It  is  extended  westward  by 
a  low  spur,  or  tail,  of  weaker  schist  and  slate  with  the  fiord  on  one  side  and  a  shallow  ice- 
ended  TaUey  on  thft  other.  lAe  etetecn  eod  of  file  nmiAtak,  vy«&  k  a(tti0ivhrt  kim 
than  the  centre  of  tiw  hfl],  gradualljr  nairowa  and  ihiallgr  deecmda  beneath  the  ghder; 
but  a  erevassing  of  the  ice  in  this  direction  may  repreeent  eub^adal  continuation  of  thJa 
hill  eastward.  Thus  the  nunatak  and  its  ice-covered  extension  protect  the  land  terminus 
from  the  thrust  of  the  powedul  north  ann  of  the  Racier,  and  tend  to  confine  Iti  rappJy  to 
the  sou  til  arm. 

The  Land  Tongue,  or  Smaller  Distributary.  Gilbert  photographed  this  tongue  from 
two  points,  and  Gannett  maippfA  it  aa  n  dtttributaiy  ol  the  Nnnatak  Glacier.  But  in 
hia  deao^ption  of  the  gfaMsier  Gilbert  aagra '  "In  the  hoOow  sepantting  thb  knob  (the 
nunatak)  from  the  souUi  wall  lay  a  maia  of  ice  of  uncertain  relaliona.  It  wa.s  seen  only 
from  the  west,  and  was  supposed  to  be  a  tongue  or  distributary  arm  of  Nunatak  Glacier. 
The  fact  that  it  lay  several  hundred  feet  higher  than  the  tidal  arm  has  raised  doubts  as 
to  the  correctness  of  the  first  impression,  and  I  now  suspect  that  it  was  only  the  remnant 
oi  a  former  arm  of  the  glacier,  stranded  as  a  motionless  and  slowly-waating  simmiit  mass. 
Oto  the  nuy  of  the  Canadian  BoundaiyCommiaBon  (1805)  it  ia  lepreiaited  aa  a  diitribn- 
tmy  of  the  leader."  Oar  obaervations  and  pliotoempha  prove  deariy  that  it  ia  a  dia» 
tributary,  branching  from  the  main  glacier  (PL  LXI,  A)  at  n  anfficient  elevation  to  per* 
mit  of  its  extension  down  a  valley  higher  than  thatof  theieatongu^  and  iti  tennination 
at  a  level  above  that  of  the  tidal  end. 

This  distributary  of  Nunatak  Glacier  lias  suffered  very  material  change  since  it  was 
described  and  photographed  by  Gilbert  in  1899.  In  1905  the  ice  surface  was  smooth, 
with  n  ahqie  of  about  inereaaing  to  ICf  at  thefkont,  and  tiiera  inw  iw 
On  the  nonatakakle  there  waaaaman  but  well-defined  kterd  moraine,  but  on  the 
side  the  latoral  moraine  was  very  broad  and  irregular  and  rose  in  places  75  feet  above  the 
glacier  surface.  It  varied  greatly  in  breadth,  being  broadest  where  large  amounts  of 
debris  had  fallen  from  the  mountain  wall,  and  particularly  just  where  the  distributary 
leaves  the  main  valley.  The  fact  that  this  fallen  d<^bris  was  not  moved  on  to  form  a  more 
regular  band  of  lateral  moraine  testifies  to  the  stagnant  condition  of  this  ice  tongue. 
Vor  a  eonrfdenble  diatanoe  from  tiw  valley  wall  the  Racier  waa  hidden  beneath  thia 
moraine^  whidi,  thou^  only  a  thin  veneer,  ao  irregularly  protected  the  under  ice  that 
it  had  a  hummodgr  topography.  Recent  extension  of  Uie  glacier  front  westward  waa 
proved  by  the  presence  of  this  moraine-covered  ice  out  beneath  the  Cascading  Glacier. 
In  1909  ice  still  existed  beneath  this  lateral  moraine,  which  projected  beyond  the  glacier 
front.  The  i^e  was  protected  from  molting  by  the  moraine  which  covers  it  and  by  tlie 
ice  block  talus  that  has  fallen  upon  it  from  the  Cascading  Glacier,  which  is  perched  on 
the  mountain  alope  abcfvie  iL 

Between  the  lateral  morainea  the  ice  auiface  waa  aqiooth  and  uncrevaaaed  and  evi- 
dently atagnant.  He  ice  was  rapidly  mating,  and  numerous  diort  streanu  coursed  ovw 
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it  and  feO  into  moulins.  The  kmw  haU  ct  this  ifistributuy  wu  rtained  villi  a  thin 
film  ol  dKbris,  increaaiig  in  amount  toward  the  end.  The  film  fonned  a  general  sheet  of 

clay  and  sand  with  some  pebbles  and  bowlders,  but  was  not  thidt  nmngli  fcn  #nmpM»iy 
hide  the  ice.  The  finer  material  was  being  carried  off  in  the  streams.  Here  and  there 
were  pyramids  of  debris,  with  ice  cores,  varj'ing  in  height  fn)m  an  inch  to  6  or  8  foot, 
evidently  on  the  site  of  earlier  depressions  in  which  the  debris  had  gathered  to  later  be 
etched  into  relief  because  of  the  protection  against  ablation  which  they  gave  to  these  parts 
of  the  wasting  glacier  anifaoe.  Theie  were  also  nnmcfoasflhovtridgea  of  liniQar  character 
marking  the  sites  of  foRner  crevasses.  The  outer  edge  of  the  glacier  thinned  down  so 
that  we  could  not  detemune  its  exact  position.  This  edge  was  not  covered  by  ftlrifttiftn 
morainOi  bat  in  placei  was  buried  boieath  atratified  deposits  laid  down  by  the  water 
which  escaped  from  the  melting  glacier.  Some  of  these  deposits  were  laid  down  in  a 
temporary  martrinal  lake,  some  as  alluvial  fan  deposits;  and  all  were  laid  down  since  1899, 
for  they  occupied  the  site  of  the  glacier  end  as  photographed  by  Gilbert  in  that  year. 

A  good  sised  stream  emerged  from  the  glacier  front  and  flowed  through  the  depreaaion 
in  ivhidi  the  stratified  dqxietts  lay»  then  entered  a  deep  gorge  in  the  friable  slates  and 
K^iits^  ivhich  turns  at  fight  angles  acfoss  the  tafl  of  the  nunalak  (Kg.  10;  FLIiXm). 
GiDbert'a  photographs  prove  that  in  18M  the  Racier  front  extended  into  thia  gorge. 
After  emerging  from  the  gorge  the  stream  spreads  out  in  numerous  branches  over 
an  alluvial  fan  which  it  is  building  in  Nunatak  Fiord,  at  the  western  base  of  the 
nunatak.  We  have  been  puzzled  to  explain  tliis  gorge  for,  from  Russell's  description 
of  the  condition  of  Nunatak  Glacier,  it  seems  certain  that,  even  though  the  two  arms 
of  the  glacier  may  not  have  been  actually  united  in  1881,  the  land  am  must  sun|f 
have  covered  at  least  the  upper  part  of  the  goige  in  order  to  give  him  the  impreasioo 
that  the  hill  was  a  nunatak.  The  gorge  is  certainly  too  broad  and  de^  for  the  work 
of  such  a  glacial  stream  in  the  14  years  between  1891  and  1905.  It  may  of  course 
be  the  product  of  stream  work  before  the  la.st  advance  of  the  Nunatak  Glacier,  or  it 
may  in  part  have  resulted  from  subglacial  stream  erosion  when  the  land  tongue  ex- 
tended down  beyond  the  western  end  of  the  nuuatuk. 

As  compared  with  the  condition  in  1889  the  land  arm  of  Nunatak  GhKierm  1905  wna 
notaUy  diflforent  in  several  ieq>ects.  Both  lateral  moraine  areas  had  broadened  oonsad* 
erably,  thus  reducing  the  area  of  clear  ice.  At  the  same  time,  the  extent  of  debris- 
stained  ice  betweoi  the  lateral  moraines  had  increased,  evidently  as  a  result  of  the  lower- 
ing of  the  glacier  surface,  which  wa.s  very  noticeable  by  comparison  with  Gilbert's  photo- 
graplrs.  The  glacier  surface  of  1905  was  certainly  as  much  as  100  feet  lower  than  it 
was  in  180U,  and  its  front  had  receded  not  less  than  two  or  three  hundred  yards. 

In  1909  we  found  evidence  of  the  contlnuallon  of  the  same  dianges  (PI.  LXI,  B). 
There  had  not  been  a  veiy  great  recessico  of  the  front,  althou^  there  had  been  aome, 
but  the  ghicier  suiface  was  veiy  mudi  lower  and  the  lateral  moraine  areas  were  atlD 
broader  and  more  in  relief  than  in  1905.  The  ver\'  outermost  edge  of  the  glacier  wasn 
low,  flat  sheet  of  d6bris-stained  ice  (PI.  LXII,  \).  This  distributar\'  is  e\ndently  a 
dying  end.  no  lonj^er  in  motion,  and,  unless  an  advance  begins,  its  rate  of  recession 
and  period  of  ultimate  destruction  will  depend  entirely  on  the  rate  at  which  ablation 
can  remove  the  ice;  and  this  rate,  though  not  known  quantitatively,  is  c^tainly  very 
rapid.  A  few  deeadesdiould  destroy  this  tongue  if  no  advance  comes  in  the  meantinie. 

There  is  evidsnce  that  it  has  been  steadily  receding  Ibr  a  kmg  time.  Far  out  beyond 
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the  position  of  its  1899  terminus  the  hill  and  valley  surface  consists  of  patches  of  bare, 
grooved,  and  polished  rooks  which  frost  action  has  not  had  time  to  roughen  greatly, 
alternating  with  gravel  and  moraine  areas  in  which  the  vegetation  is  young.    It  cannot 
have  been  many  decades  since  this  tongue  pushed  out  far  enough  to  have  united  with  the 
tidal  Mm  of  NmittUk  Glacier.  ItlaiMMribfe.tlio«i^iiat]nolMUe^tlMtHdidw 
and  it  ie  unfartanata  tfaatBuMU  did  not  obtain  naar  anoo^  Tiein  of  tliis  glaciar  for 
us  to  know  its  podtion  irith  certainty.    Hm  Canadian  Boondaiy  survey  photographs 
show  the  hill  as  a  semi-nunatak  in  1895,  with  the  land  tongue  occupying  the  head  of 
the  gorge.    The  first  photograph  showing  its  position  from  near  at  hand  waa  taken  by 
Gilbert  in  1899,  but  we  found  in  1909  and  1910  some 
evidence  for  the  preceding  year.   In  1898  some  800 
pRMpeclora  paaeed  over  tho  Nimatak  Glacier  hi^way 
to  the  Alaek  valky,  and  aome  fetorned  by  this  roote. 
On  tiieir  ntnn  tlic^  ahandoned  their  outfits,  presmn- 
ably  as  soon  as  they  were  useless  and  at  the  point 
farthest  down  the  glacier  over  which  they  could  draw 
their  sledges.    Roughly,  with  an  error  of  only  a  few 
yards,  the  places  where  we  found  these  sledges  and 
olher  leiieB  unold  repreasnt  tha  podtion  of  the  ioa  Ikont 
in  1806.  We  fonnd  a  half  doaen  dadgBi,  aevcial  rusty 
Yukon  stovea,  aome  ice  creepers,  spiked  boots,  etc.  (PL 
LXII,  B),  at  a  p>oint  a  little  less  than  a  half  mile  west 
of  the  1009  and  1910  ice  fronts  and  just  south  of  where 
Gilbert's  photographs  show  the  terminus  to  have  been 
in  1890.  Aaide  from  the  improbability  that  men  would 
dravrdedseaofvier  bare  rock  (in  the  fall)  and  op  bill  and 
bcTond  the  glador  tenniniia,  the  fact  that  the  Otttflta 
were  not  being  taken  beyond  nhere  the  ioe  ended  in 
1898  is  established  by  tlie  presence  of  an  impassable 
stream  gorge  between  the  positions  of  the  sledges,  which 
were  in  two  groups,  and  the  present  glacier  terminus. 
It  is,  therefore,  concluded  that  the  ice  ended  in  1808 
about  where  tho  aledgM  mn  found  and  that  the  retreat 
of  the  land  «Bitribtttaiy  between  1806  and  1000  haa  been 
n  littfe  less  than  a  half  mile. 

In  each  of  our  five  years  of  obser\'ation  here,  1905,  1906,  1909,  1910  and  1913,  we 
carefully  observed  the  land  tongue  of  Nunatak  Glacier  but  without  finding  any  evidence 
of  advance.  Being  a  glacier  distributary  still  connected  with  an  active  glacier,  but  itself 
atagnant,  it  would  be  very  quick  to  show  response  to  even  moderate  advaBoe»  ^Riefact 
that  we  have  not  detected  any  advance^  togkher  with  the  evidenoe  that  theie  waa  pri>- 
noimoed  zeoeanon  between  1800  and  1005,  ia  accepted  by  us  aa  definite  proof  that  aa  yet 
there  has  been  no  advance  as  a  result  of  the  earthquakes  of  1800.  In  1910  and  1013,  the 
junior  author  observed  a  continuation  of  retreat  of  the  land  arm  of  Nunatak  Glacier  which 
was  then  not  essentially  different  from  the  190!)  condition  except  in  the  thinness  of  the 
terminal  feather  edge.  The  moraine  to  the  right  of  it  seemed  to  stand  slightly  higher  in 
relief  in  1010  than  the  year  before,  as  comparative  photographs  showed. 
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This  south  distributarj'  was  tra\'ersed  eastward  to  Uie  very  end  of  the  nunatak  to  m  ake 
sure  of  the  contact  with  the  tidal  distributar>\  which  changed  so  much  between  1909  and 
1910.  The  snow  line  was  very  low  at  the  time  of  this  journey,  June  17, 1910,  reacliiug 
pne^calfy  to  tho  end  of  the  land  aim.  Nemthalew  long  strips  of  glaci«r  aiufaoe  had 
been  bared  by  the  innd,  and  tbe  anoir  iras  novdi^ 

throughout  the  joomcgr  that  there  had  been  no  change  in  this  arm  of  the  glacier  flinoe 
1905  and  1909,  except  lowering  by  ablation.  The  haid  ooaraely'Ciystalline  ice  wae  not 

at  all  crevassed. 

From  the  extreme  end  of  the  nunatak,  which  we  had  not  visited  before,  it  was  plain 
that  the  area  of  cre\  a^^ng  that  extends  southeastward  from  the  nunatak  is  of  a  somewhat 
diffewntnatttie  than  moi-edietantvigfri  had  led  M  to  infer.  Itkaotanelongaleddcniie 
of  crevasring  ifHiich  we  have  thought  was  iritdly  due  to  the  espomre  of  the  ooatmiuttkm 
ef  the  Todc  ridge  of  the  nunatak.  Instead  it  is  a  crevassed  northeast  edge  of  the  more 
stagnant  arm  of  the  glacier  and  in  1910  stood  several  hundred  feet  higher  than  the 
crevassed  surface  of  the  tidal  arm  which  flows  to  the  fiord.  The  crevasses  are  in  gigantic 
steps  descending  northeastward  and  breaking  the  edge  of  the  stagnant  arm.  Evidently 
during  the  two  and  a  half  mile  retreat  of  the  tidal  distributary,  between  1891  and  1909, 
it»  surface  has  been  hweied  faster  by  ablation  and  flowage  combined  tiian  the  stagnant 
arm,  where  ablation  works  alone  and  iHiere  tiie  retreat  was  only  a  half  mile  or  ao.  The  . 
north  edge  of  the  stagnant  portion  is,  therefore,  breaking  because  of  removal  of  support 
and  is  perhaps  preparing  to  flow  later  into  the  tidal  distributary  instead  of  the  smaller 
arm  south  of  the  nunatak,  down  which  it  discharged  in  former  times.  The  rock  ledge 
continuing  the  nunatak  is  doubtless  here  as  we  have  hitherto  inferred,  but  the  lower 
ice  on  the  north  side  seems  primarily  responsible  for  permitting  the  crevassing. 

TAs  8m  Tongue,  or  Tidal  DUtHhOofy,  The  tidal  distribataiy  of  Nunatak  Glacier, 
whidi  Is  f^  larger  than  the  land  tongue,  though  not  now  eztewfing  so  £w 
crevassed  from  side  to  side.  When  visited  by  us  in  1905  and  1906  the  sea  face  was 
less  than  a  mile  wide,  ending  in  a  deep  fiord  bordered  by  precipitous  mountain  walls 
against  which  rested  narrow  lateral  moraines  which  projected  slightly  farther  than  the 
ice  front,  especially  in  the  case  of  the  narrower  south  moraine.  There  were  three  medial 
moraines  and  almost  no  other  debris  on  the  glacier.  The  ice  front,  which  rose  precipi- 
tously fbr  over  £00  feet,  projected  farthest  in  the  middle^  and  disdiarged  icebergs  afanoat 
constantly,  the  ioebeig  wmves  giving  rise  to  violent  surf  which  was  doing  impottant 
wave-erosion  work  on  several  miles  of  adjacent  coast  The  ioebe^gs*  mostly  free  from 
d6bris  and  including  masses  that  rose  20  to  SO  feet  out  of  the  water,  were  less  nmnewwis 
than  those  from  Hubbard  and  Turner  Glaciers. 

Two  streams  cnierf^'cd  from  the  f^lacier  below  sea  level,  ea<-h  about  200  yards  from 
the  glacier  margin,  giving  rise  to  swirling  currents  of  muddy  water  which  kept  floating 
ioe  away  horn  the  sea  diff,  except  just  after  an  iceberg  fall.  The  northern  stream* 
whidi  was  the  larger,  showed  its  influence  for  over  a  mile.  Between  the  streams  there 
was  n  mass  of  floating  ice  close  to  the  glacier  front.  These  streams  were  thoui^t  to 
be  accumulating  a  large  deposit  of  sediment  beneath  the  waters  of  the  fiord. 

Recession  of  the  Tidal  Dislributary.  As  in  the  case  of  the  land  tongue  of  Nunatak 
Glacier,  the  tidal  distrihutarv^  furnishes  clear  evidence  of  notable  recent  reeession. 
Russell's  descriptiou  in  1801  indicates  that  the  glacier  was  much  farther  out,  and  the 
general  absenee  ci  vegetation  on  the  margin  of  the  flord,  as  wdl  as  the  finehly-smoothed 


Digitized  by  Google 


NUNATAK  AND  CASCADING  GLACIERS 


187 


•ad  poiiilied  lodk  wnfaceg,  bolii  on  the  aunatak  and  on  the  mountain  ilopes,  are  con- 
vincing evidence  of  recent  great  recession.  The  first  definite  evidence  as  to  the  positioa 
of  the  ice  front  is  furnished  by  the  Canadian  Boundary'  Commission  map,  based  upon 
photographs  made  in  1895.  In  June,  1809,  Gilbert  made  photographs  of  the  tidal  end 
of  the  Nunatak  Glacier,  and  Gannett  made  a  map  showing  its  position  (PI.  LXIX,  B). 
FitMn  Gilbert's  photographs  and  Gannett's  map,  compared  with  the  Boundary'  C<Hn- 
Banioa  mi^  it  is  evident  tliat  between  1896  and  1889  there  wai  a  roccarion  of  the 
glacier  front  of  a  little  less  than  a  mile.  There  was  an  even  more  notable  retreat  be- 
tween 18815  and  1805. 

In  1905  we  were  able  to  reoocupy  the  exact  site  of  Gilbert's  1899  pliotograijli  of  the 
tidal  end  of  Xunatak  Glacier  (Sta.  A,  Map  4),  even  to  the  extent  of  locating  small 
bowlders  in  the  immediate  foreground.  Tliis  1899  photograph  is  reproduced  here  as 
PL  LXIV,  together  with  our  1905,  1906  and  1909  photographs  from  the  same  site 
(FLIXV).  Theaaioaiitof  thianii«  and  leoession  in  ikTean  is  striking^  the  retreat 
being  a  littk  aver  a  mile.  We  thought  then  that  the  great,  and  lor  this  region  eioep- 
tional,  recession  of  this  glacier  front  was  possibly  to  be  attributed  to  a  shattering  of 
the  glacier  by  tlie  earthquakes  of  September.  1890;  hut  in  view  of  the  fact  that  the 
recession  went  on  at  least  as  fast  for  tlic  four  years  before  the  earthquakes,  we  are  now 
inclined  to  beUeve  that  tliis  was  not  the  case. 

We  occupied  the  Gilbert  site  again  in  1906,  and  at  that  time  the  glacier  front  just  barely 
appeared  ham  bdiiad  the  projecting  nunatak  and  was  mnch  thinner.  It  then  became 
evident  that  if  wucession  continaed  this  site  would  no  longer  possess  im|»ortance  because 
of  the  recession  of  the  Racier  cot  of  sight  behind  the  nunatak.  This  wc  fou  nd  to  be  the 
case  in  1909,  when  we  again O0Ciq>ied  the  photographic  site,  and,  as  our  p]i()t(»i;rai)h  shows 
(Pi.  LXV,  C),  no  ice  appears.  The  total  recession  of  the  glacier  between  1905  and  1900 
was  about  five-eighths  of  a  mile,  making  a  recession  between  1899  and  1909,  of  a  little 
ova  a  mile  and  a  half,  or  at  the  rate  of  nearly  860  feet  a  year.  That  this  recession  is 
ffwtiplifinally  rapid,  rad  unexpected  by  Dr.  Gilbert,  is  indicated  by  the  Isct  that  he 
choeethephotographicsitehedid.  One  couMeearodlsr  have  predicted  sndi  an  eitremely 
great  recession  of  the  glacier  front  in  so  short  a  time. 

In  1905  and  1900  we  pliotopraphed  the  Nunatak  Glacier  from  other  viewpoints  so 
that  in  1909  we  had  ii  basis  for  noting  the  recession,  which  could  no  longer  be  seen  from 
the  original  Gilbert  site.  One  of  tliese  photographic  sites  which  we  reoccupied  was  on 
dw  crest  of  the  nunatak,  looking  down  upon  the  glacier  front.  From  here  we  found  that 
the  glacier  had  receded  greatly,  and  the  outline  of  its  front  had  changed  oonpletelsr. 
Bjjr  eaandnatioii  of  the  distinctive  small  gullies  (as  b.  Ft.  LXVI)  cut  in  the  giavds 
duit  rest  on  the  steep  mountain  slope  on  the  nordkem  side  of  the  fiord,  we  are  able  to  tell 
exactly  whore  the  ire  front  stood  in  the  two  years  (a,  ice  edge  in  1905,  PI.  LXVI,  A;  c, 
ice  edge  in  19U9,  PI.  LXVI,  B),  and  it  is  from  this  site  that  we  estimate  the  amount  of 
recession  since  1905,  which  was  about  half  a  mile.  With  the  recession  of  the  glaciers 
there  has  apparently  been  a  change  in  the  position  of  outflow  of  the  subglacial  streams, 
la  180(  and  1808  tiiere  were  two  such  streamSi  the  laiger  emerging  on  the  north  s^ 
anaOer  on  the  south.  In  1808  the  largest  stream  came  out  from  beneath  the  leader 
neer  the  south  margin,  while  there  was  a  smaller  one  in  the  middle,  and  anothersmanone 
on  the  north.  Another  notable  change  in  1909,  as  compared  valh  previous  years,  was  in 
the  discharge  of  icebergs.  Formerly  icebeigs  were  so  frequently  discharged  that  one 
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needed  to  iratt  only  •  short  tinie  to  witneet  laige     Mb  from  the  leader  front;  bat 
our  visit  of  1009  we  rarely  saw  or  heard  sodiioe  falls,  and  the  fioid  in  front  of  the  ^ader 

was  far  freer  from  floating  ice  than  in  former  years. 

Viewed  from  our  photographic  sites  on  the  north  side  of  Nunatak  Fiord,  the  Nunatak 
Glax  ier  i)re>(Mited  even  more  notable  changes.  In  IftOO  the  width  of  the  glacier  at  Uie 
terminus  was  only  ^  of  a  mile  and  the  marginal  projections  noted  in  1905  were  entirely 
gone  CPLLXVll,  B).  The  middle  projection  wao  alw  deatnyed  and  the  glader  front 
eitendedinanalnioststraii^tlinefraatlienoithadetoapQint  two-tl^^  tho  waj 
across  the  fiord  iriiere  there  was  a  veiy  alii^t  projection,  beyond  which  the  ice  front 
leceded.    There  was  also  a  striking  diBePBUce  in  position  of  the  three  medial  moraines. 

In  1905  (PI.  LXVII,  A)  these  moraines  entered  the  sea  near  the  middle  of  the  glacier. 
In  1909  tliey  were  all  over  in  the  southern  half  of  the  glatrier.  The  black  medial  moraine 
caused  by  the  union  of  the  two  arms  of  the  Nunatak  Glacier  entered  the  sea  in  the  south- 
ern quarter  of  the  glacier  front  The  reason  for  this  change  in  portion  of  the  aediai 
niorainea  is  explained  by  the  aiipeaianoe  of  a  bulgi]^  of  the  iee  soifMse  across  t^ 
arm  where  the  nunatak  hill  extends  beneath  the  glacier.  It  was  evident  that  the  southern 
tributary  had  been  so  diminished  in  activity  that  its surfaoe  had  been  lowtued  by  ablation 
until  this  subglacial  rock  barrier  became  effective  enough  to  cut  off  a  considerable  part 
of  the  supply  tliat  the  southern  arm  formerly  rontri!)uted  to  the  tidal  end  of  Nunatak 
Glacier.  With  this  diminution  in  supply  from  tlie  southern  tributary,  the  still  vigorous 
northern  arm  was  able  to  thrust  the  medial  moraines  farther  and  farther  toward  the  south. 

Another  noteworthy  evidence  of  reoessum  wms  dearity  brou^t  oat  from  tibe  jdioto- 
graphic  sites  vrbidi  were  established  ca  the  alfaivial  fans  on  the  north  ade  of  the  fiords 
short  distance  from  sea  level.  From  one  ^ne^%'point  (Sta.  F»  Map  4)  the  front  of  the  ice 
cliff  was  so  near  in  1905  that  it  hid  the  glacier  so  that  we  could  not  see  much  of  its 
surface.  Possibly  also  the  ice  difT  was  higher  than  now.  In  1909,  on  the  other  hand, 
from  these  same  positions  we  were  able  to  look  up  on  the  ice  surface  for  a  considerable 
distance.  From  this  point  of  view  it  was  seen  in  1909  that  back  of  its  ice  cliff  the  glacier 
rose  In  a  seiies  of  Steps;  and  the  rise  was  so  rapid  m  the  lower  mlk  that  H  aeened  certain 
that  not  much  nuMferecesriomwonId  be  needed  to  transfonn  this  tidal  Racier  toone  WW 
on  the  land.  At  the  rate  of  recession  going  on  in  1909  it  would  have  been  aorpifaillg  if 
the  Nunatak  Glacier  had  been  still  tidal  at  the  end  of  another  ten  years  or  even  less. 

The  rapid  recession  of  Nunatak  Glacier  l)etween  1891  and  1909  seems  to  be  part  of  a 
recession  of  muoh  greater  extent,  perhaps  continuous,  perhaps  internipted  by  halts  and 
readvauces,  but  certainly  never  interrupted  by  any  long  period  of  halting.  The  evi- 
dence of  the  fonner  extension  of  Nunatak  Glacier  until  it  coalesced  with  Hidden  GIncier, 
and  readied  far  up  Russell  Fiord,  has  been  stated  in  the  reports  on  our  1900  and  1000 
expeditions,  and  will  not  be  wyeated  here .  Th  a 1 11 1 c  complete  recession  from  this  former 
extension  of  the  glacier  has  occurred  in  a  brief  time,  is  proved  by  the  condition  of  vege- 
tation which  is  now  advancing  to  reoooupy  the  area  from  which  the  glacier  has  so  re- 
cently receded.  Positive  and  definite  evidence  of  the  amount  of  recession  for  a  portion 
of  the  distance  has  just  been  stated  in  comparison  of  the  photographic  records  of  1895, 
1890, 1905, 1900, 1909  and  1910.  Hie  1890  photographs  by  Gilbert  show  efaaitr^  the 
position  of  the  ice  edge  in  that  year,  and  m  lOOS,  1900  and  1910  some  of  the  ioe  still  re- 
mained in  a  stagnant,  debris-covered  mass,  detached  from  the  main  glacier  and  lying  in 
about  the  position  oeeupied  in  1899  by  the  outennost  moraine-coyered  northern  edge  of 
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the  ^mats.  Off  shore  from  thia  point,  in  1900,  there  was  a  siibaieiged  reef,  extemfing 
three-quarters  ol  a  mile  from  ^ore,  suffidently  shallow  for  the  strandiiig  of  large  icebergs. 

Soundings  made  in  1910  sliow  that  this  is  probably  part  of  the  morainic  deposit  made 
during  a  halt  in  the  glacial  recession.  A  halt  is  suggested  by  tlie  comparison  between 
the  position  of  Nunatak  Glacier  in  1895,  as  indicated  by  the  Boundary  Commission 
map,  and  its  known  position  in  1890.  Upon  this  evidence  the  rate  of  recession  between 
1(M  and.  im  iTM  abcNit  lUO  leet  ft  yew,  or  half  as  f Mt  aga^ 

If  reeearion  between  1801  and  1805  wm  as  fast  even  as  the  lale  between  1800  and  1000 

{800  feet  per  year)  it  would  cany  the  tidal  arm  of  the  glacier  out  far  enou^^  to  have  led 
Russell,  from  his  distant  point  of  view  at  Cape  Enchantment,  to  have  inferred  that 
the  land  tongue  and  the  extended  tidal  end  of  Nunatak  Glacier  actually  coalesced.  It 
is  to  be  remembered,  however,  that  Russell  did  not  spet  iiically  state  that  the  nunatak 
was  actually  surrounded  in  1891,  tliough  the  name  "Nunatak,"  and  the  statement 
lliattt''iisei  thi0a8|i''tlie8iacw ''like  an  island,'' wanantthb 
description.  Hie  lafte  of  recession  may  bave  been  even  moie  rapid  between  1801  and 
1805,  for  the  rate  from  1800  to  1899  was  i^qMnently  one  and  a  half  times  as  fast  as  the 
rate  from  1899  to  1909,  periiaps  partly  as  a  result  of  the  change  in  exposure  of  the  glacier 
front,  from  southwest  to  northwest,  with  the  bending  of  the  fiord,  and  partly  of  the  re- 
treat of  the  gla(  ier  to  a  position  in  a  narrower  fiord  with  the  high  nunatak  rising  south 
of  the  1899  to  1909  ice  front,  whereas  at  earlier  stages  the  southern  side  of  the  broader 
glacier  rested  against  low  graand  widdi  separates  the  fiocd  from  tbesoittbem  mountain 
waD. 

Our  observations  on  tfae  tidal  distribataxy  of  Nunatak  Glacier  corroborate  tbe  OOO- 
clusion  readied  from  our  observations  on  the  land  distributary  that  up  to  1900  there 
was  no  response  in  this  glacier  from  the  effect  of  the  earthquake  shaking  of  1899.  Nuna- 
tak Glacier  had  undergone  steady  and  extensive  recession  during  the  peritxl  of  obser* 
vation  (PI.  LXIX).  In  this  respect  it  contrasts  with  the  two  other  tidal  glaciers  of  Yaku- 
tat  Bay,  tbe  IViiner  and  Hubbard,  tratbolwiuch  give  indication  of  mlnnrflnetuatioos  in 
Ibeir  ice  fronts,  lliese  two  glaciers  have  either  maintained  disir  position  or  bave  actually 
advanced,  as  has  the  other  large  glacier,  the  Hidden.  We  felt  after  our  observations  in 
1900  that  it  could  hardly  be  believed  that  in  this  region,  where  so  many  glaciers  have 
advanced  Tinder  the  influence  of  tlie  1899  earth(iuakes,  a  large  glacier  like  the  Nunatak 
would  fail  to  ultimately  respond.  We  therefore  anticipated  that  before  many  years  the 
period  of  recession,  so  long  and  effectively  in  progress,  would  be  brought  to  an  end  and 
be  replaced  by  a  sudden  forward  movement. 

Aitmo$  tS  Us  Tvki  DiMtdBfrjf  in  1910,  Hie  jvnior  anther  found  that  between 
Ja|y  M,  1000,  and  June  17, 1010,  the  retteat  of  the  tidal  aim  of  Nunatak  Glacier  bad 
ecMsd  and  an  advance  begun.  Our  resurv  ey  of  the  ice  front  plotted  accurately  in  1910 
on  a  plane  table  map  made  a  little  less  than  eleven  months  before  (Map  4),  proved  the 
advance  to  have  varied  in  different  parts  of  the  ice  front,  the  advance  of  the  north 
side  of  the  glacier  being  1000  feet,  the  south  side  350  to  400  fc^et,  and  the  middle  of  the 
glacier  700  feet.  The  1910  ice  front  is  shown  with  that  of  1909  on  PUite  LXX.  Both 
margins  of  the  glacier  were  seen  to  have  extoided  northwestward  down  the  fiord  and 
"die  advance  of  the  middfe  was  shown  by  the  lengthening  of  the  medial  movaines. 

This  is  well  shown  in  PI.  LXX  where  the  photographs  in  1909  and  1910  show  the  ad- 
vinoe  on  both  the  left  (ncvth  side  of  fiord)  and  on  the  right  maigin,  as  well  as  an 
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incceaae  in  flnnratiin  ci  Hkt  thiee  pvommait  medial  monSam  and  their  cacfcoinon  to  the- 

Bg^t  with  the  advance  of  the  glacier  down  the  fiosd.  Tbese  pictuvea  also  suggest  an 
explanation  of  the  lower  bend  in  these  medials  in  connection  with  the  crowding- down  id 
the  unsupported  ice  edge  of  the  stagnant  south  tributarj'. 

Comparison  of  the  1909  and  1910  photographs  shows  clearly  that  the  1910  ice  front 
was  an  intermediate  position  between  that  of  1905  and  that  of  1909,  the  margins  which 
leeeded  duins  fUs  period  of  four  years  of  retreat  not  liaving  yet  ndvaaoed  in  1910 1» 
the  lOOff  porftion.  Ihelengtheidngol  the  medial  niovaineawaa  also  aiipaient  and  theve 
teemed  to  be  a  thickening  on  the  north  aide  near  the  corve  in  the  crovaaaed  north  tift 
taiy.  "By  comparing  these  two  photographs  with  the  IfNM  picture  from  the  same  site 
it  was  e^ndent  that  at  the  oast  end  of  the  nunatak  the  crevassing  which  extends  into  the 
edge  of  the  stagnant  south  tributary  was  more  extensive  in  1909  tlian  in  11)05  and  less 
extensive  in  1910  than  in  1909,  as  would  be  natural  if  the  main  crcvassed  glacier  was 
thinned  by  ablation  between  1905  and  1909  and  thickened  again  by  advance  between 
1000  and  1010. 

Soundings  in  the  fioid  in  1010,  diaeuwaed  more  fully  in  Chapter  XI»  ahowed  that  the 
depth  of  water  about  a  thousand  feet  west  of  the  ice  ficont  of  Nunatak  Glacier  waaW 


FM.  11.     CaOM-SBCTION-  OF  NrNATAK  GlACIKR  AXD  FlOaD.  Vl 

AND  HoblZONTAL  ScALJB  THE  SaME. 


feet.  A  true  scale  cross>section  of  Nunatak  Glacier  when  it  was  at  that  point  (sometime 
between  1906  and  1909)  is  reproduced  as  Fig.  11  and  shows  (a)  that  the  glacier  was  about 
750  feet  thick;  (b)  that  as  the  portion  above  sea  level  was  only  200  feet  (two-sevenths  of 
the  thickness),  the  glacier  could  not  possibly  be  afloat;  (c)  that  the  slopes  of  the  fiord 
walb  above  and  bekyir  aea  level  are  not  significantly  diflbnnt;  (d)  that  the  proportion 
of  the  glacial  valley  nowooeopied  by  the  ice  is  much  Bess  than  when  the  greater  glacier 
overrode  and  rose  high  above  the  nunataL 

Nunatak  Glacier  from  1911  to  191S.  In  1911  and  1912  the  Nunatak  Glacier  was 
visited  by  a  Boundary  Survey  party  under  tlie  direction  of  N.  J.  Ogilvie.  In  1911 
they  observed  a  slight  continuation  nf  the  advance  of  the  previous  year.  In  1912  the 
glacier  had  commenced  to  melt  back  again,  having  retreated  an  amount  estimated  to 
be  a  quarter  mile. 

In  Septanber»  1018,  the  junior  author  revisited  the  Nunatak  Glacier  with  the  hi* 
tematiooal  Geological  Congress.  It  was  evident  that  the  tidal  ioe  ftont  wae  stiD 
retreating^  the  northern  margin  projecting  farther  west  than  the  center  of  the  |^acier» 

but  no  precise  measurements  of  tlie  amount  of  diminution  were  obtained. 

Relation  to  Earthquake.  The  advance  which  conunenced  in  1910  was  a  minor  one, 
such  as  lias  affected  Turner  and  Hubbard  Glaciers  several  times  siiKc  1899,  not  a 
greater  one,  such  as  has  come  about  in  Galiano,  Haenke,  Atrevida,  Lucia,  Marvinc,  and 
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Bidden  daden.  b  •  tidal  ioe  tongue  like  the  Nmiatak  Gleeier  tiie  future  be- 
havior  is  to  be  wmtched  with  the  utmost  interest.   Ji  the  advance  is  attributable  to 

the  avalanche  supply  during  the  1899  earthquakes,  as  we  believe,  this  glacier  has  taken 
between  ten  and  eleven  years  to  respond  to  the  accession  in  the  snowfields  and  upper 
glacial  tributaries.  If  the  slight  advance  in  1910  was  due  to  the  thrust  of  a  small  tribu- 
tary there  may  yet  oome  a  greater  advance  due  to  the  activity  of  larger  tributaries. 
If  BDadnuieefloiBee  in  llie  imt  feiryean  ^ihaU  periiape  be  motHited  bi  anwihmg 
the  bwic  cf  gieftt  advineee  of  Ibe  Nvnatak,  Hubbaid.  mmI  Tunar  Gfawien  to  tbor 
tidal  condition. 

The  following  tabular  iitatninfint  Aowa  the  known  birtoiy  of  the  tidal  am  of  Nunatok 

Glacier  up  to  1918: 


Year 

Nature  of  Change 

Observer 

Before  1891 

Probably  retreat 

Russell 

1891-1805 

Betfcat 

Bovmdaiy  Survey 

18M-18M 

BcAieal  about  4000  fset 

Gilbert 

1899  1005 

Retreat  abovt  5800  feet 

Tarr  and  Martin 

1JM>5-1906 

Retreat 

Tarr 

1905-1009 

Retreat  about  3300  feet 

Tarr  and  Martin 

190»-1910 

Advance  700-1000  feet 

Martin 

1910-1911 

Advance^  slight 

Boundary  Surv^ 

mi-ins 

Betnat  about }  mile 

Bomdaiy  Survey 

191£-m8 

BCarlin 

Cascading  Glacibr 

General  Description.  Gilbert '  who  photographed  and  named  the  Cascading  Glacier 
in  1899,  when  Gannett '  showed  it  upon  the  map  of  Nunatak  Fiord,  speaks  of  it  as  oc- 
cupying a  high  vall^  nearly  at  li^t  an^ee  to  the  Nunatak  trou^.  "It  waa  aeen  only 
as  nieiieaol  ice  caaeadea»potinngfaom  ledge  to  ledge  fbrfcthoqaaadfaetdoiro 

wbH  of  the  trough."  Its  valley  lies  entirely  above  snow  line  and  heads  a  few  nules  to 
the  south  in  the  mountains  that  lie  between  Hidden  Glacier  and  Nunatak  Fiord.  The 
characteristics  of  the  glacier  in  this  valley  are  unknown  excepting  at  the  very  edge,  but 
it  is  probably  not  materially  unlike  scores  of  other  short,  high,  mountain  valley  glaciers. 

The  most  noteworthy  feature  of  the  Cascading  Glacier  is  that  on  reaching  the  end 
of  its  hii^  TsU^,  at  an  eievatum  of  1500  fSeet  or  more  above  the  fiord,  its  slope  abruptly 
changea  and  it  descends  the  steep  south  waU  of  Nunatak  Fiord  in  a  series  of  stops,  with 
greatly-broken  surface  (PL  LX,B),  Uke  a  frozen  waterfall  on  the  mountain  adt,  iriiich, 
from  its  resemblance  to  a  cascade,  led  Dr.  Gill)ert  to  give  this  glacier  its  name.  The 
slope  over  which  this  gla<  ier  descends  is  so  steep  that  it  is  doubtful  if  the  glacier  could 
cling  to  it  were  it  not  for  the  fact  that  there  are  two  pronounced  rock  terraces  and 
several  smaller  ones  (PI.  LXXII,  A),  caused  by  the  fluting  of  the  valley  side  by  earlier 
l^beial  enMBon,  vrhen  the  f omner  expanded  Nunatak  Glader  rose  up  over  the  vdkj  side 

iGflbert,  G.  K.,  Huiiman  AUwka  Expedition.  Vol.  S,  1904,  p.  60. 
•GMUMtt,  Bau7f  Shm^  IL  III  cpvoiile  p.  M. 
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and  swiqit  powwfaUy  westward  tluoui^  the  fioid.  The  ice  ot  Cairtitfiig  C^aderpoaiw 

over  the  lip  of  its  valley  down  to  a  point  just  below  the  aecond  pronounced  rock  bench 
(Pl.LXIII),  where  its  further  advance  is  cheeked,  partly  by  ablation  and  partly  by  the 
discharge  of  fraj^nients  that  tumble  down  from  its  terminus.    The  mcltinpof  the  glacier 
has  produced  no  single  large  stream,  but  a  multitude  of  small  rills  extend  from  iU>  front 
down  to  the  cliff  base.   These  tiny  streams  have  not  sufficient  volume,  and  have  not 
ben  at  woik  for  a  long  enough  time  to  have  eraaed  the  facial  grooves  prodneed  faj 
the  fotmeKy'CipM'dedt  westward-moving,  Nmiatak  GlacMr.  The  laigest  stream*  itself  i 
of  small  size,  emerges  from  the  west  end  where  the  ice  rests  on  the  upper  rock  bench. 
Apparently  the  downward  extension  of  Cascade  Glacier  is  mainly  checked  by  the  fall- 
ing of  ice  blocks  rather  than  by  ablation.    During  each  of  our  visits  to  this  glacier  we  i 
either  heard  or  saw  the  fall  of  the  ice  blocks  at  frequent  intervals.    Usually  these  falls 
consist  of  only  small  masses,  but  oftentimes  great  blocks  were  detached.   There  is  an 
extensive  talus  of  these  f aUen  ioe  bii>dG%  mind  with  rock  fragments,  rising  afanoat  vp  \ 
to  the  tffPfffa^f  of  l2ie  ^hcier* 

By  these  falls  of  ice  the  form  of  the  lower  edge  of  the  Cascading  Glacier  has  been  mate- 
rially jUtered  since  it  was  first  observed  l)y  Gilbert  in  1899,  the  greatest  part  of  the  change  ' 
having  occurred  between  1899  and  190^,  though  there  have  been  noticcaljlc  changes  be- 
tween 1905  and  1909.    In  1899  a  broad  tongue  of  ice  extended  from  the  lower  bench  down  | 
the  steep  cliff  face  to  a  moraine  area  at  its  base,  which  was  probably  the  lateral  moraine  I 
of  tiie  iMid  tongue  of  Nunatak  Glacier.  lUs  projecting  point  of  Cascading  Glacier  liad 
ahnost  entirely  disaiqwared  in  IIHW  and  the  totel  recession  at  this  point  has  amoo^^ 
between  200  and  SCO  feet.   Its  form  changed  slightly  between  1900  and  191S.  There 
have  been  minor  changes  in  other  parts  of  the  Cascading  Glacier  margin,  but  notliing 
noteworthy  excepting  the  developing  of  a  moraine-covered  area  on  the  west  aide  just 
above  the  lower  bench. 

There  is  no  sign  of  response  of  this  glacier  to  advance  through  earthquake  shaking, 
and  in  view  of  the  fact  that  it  has  been  wnunined  and  photograi^ied  in  1906, 1909, 
1910  and  191S,  eadi  of  the  hitter  four  yean  allowing  recession,  we  leel  wananted  in 
assuming  that  this  glacier  has  not  made  any  advance  whose  effect  extended  beyond 
the  lip  of  the  mountain  valley.  In  view  of  the  shortness  of  the  glacier  we  assume  that 
it  will  not  in  the  future  respond  to  the  influence  of  earthquake  shaking.  Why  this 
glacier  should  not  respond,  as  other  glaciers  have  done,  is  not  easy  to  understand,  unless 
it  is  due  to  the  fact  that  in  this  high-lying  vall^,  in  the  midst  of  mountains  which  do  not 
rise  to  any  great  liei^t  above  it,  thrae  are  not  estensive  slopes  on  wfaidi  liie  snow  leste 
with  su£Bdent  instabiHty  to  be  diafcoi  uDito  the  vall^  in  great  enou|^  quantities  to  a 
an  advance  in  the  glacier. 

Significance  of  the  Cascading  Condition.  Cascading  Glacier  is  one  of  many  glaciers 
of  the  same  type,  found  not  only  in  the  Yakutat  Bay  region,  but  in  many  other  jiarts 
of  the  glacial  n*gion  of  Alaska.  Indeed,  the  name  has  suggested  itself  to  others  b&iides 
Gilbert,  and  there  are  already  at  least  three  other  glaciers  oi  this  name  in  Alaska,  beside 
l^acieM  with  names  Ehie  Cataract  Ghder,  Hanging  Ghder  and  Toboggan  Glacier,  which 
are  evidently  of  the  same  type.  This  rasrading  condition  seems  to  be  dependent  upon 
two  fadon  widespread  in  Alaska;  first,  the  former  extension  of  great  trunk  glaciers  whidi 
have  so  lowered  the  main  valleys  by  glacial  erosion  as  to  leave  the  tributaries  hanging 
hi^  above  their  bottoms;  and,  secondly,  the  uncovering  of  the  steepened  slopes  below  the 
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Hgpsof  thehaiigbgTBllqyBby  theieoenoiiof  tlwtniiik  i^)I>|yiiigtihiB«Kplaji*- 

tion  specifically  to  the  Cascading  Glacier  of  Nunatak  Fiord,  the  evidence  is  conclusive 
that  the  entire  fiord,  up  to  a  level  much  higlier  than  the  point  where  Cascading  Glacier 
emerges  from  its  valley,  was  formerly  filled  with  ice  whicli  moved  vigorously  westward. 
The  deposits  left  by  this  expanded  Nunatak  Glacier,  and  the  grooves  and  flutings  which 
it  wore  in  the  rock  of  the  mountain  sides  are  plainly  visible  throughout  the  fiord.  That 
this  greatly-eqMuided  glader  flowed  vigotooify,  and  for  a  long  period  of  tnuk  ii  proved 
by  the  aeries  of  peifect  hanging  valkyB  peiched  hi^  abov«  the  water  surface  on  both 
sides  of  the  main  fimd.  The  inference  is,  therefore,  warranted  that  before  Nunatak 
Glacier  reached  this  expandefl  condition  there  was  a  main  valley  whose  bottom  was  at 
least  as  liigh  as  the  bottoms  of  the  hanging  valleys,  and  that  while  the  lateral  valleys 
have  been  worn  by  glacial  erosion  to  some  extent,  the  main  valley  has  been  worn  much 
faster  and  much  deeper. 

I>iiriiv  llie  ioe^kMkl  ooodttaon  of  tfa«  Nnnatak  (9^ 
eateied  the  main  Racier  with  tlicir  smlaoe  levdi  apprarimaMy  aoooidaat  wiUi  tike  sur- 
face of  the  main  glacier.  Sndl  a  condition  is  HOW  obssfved  in  tributaries  of  the  laifsr 
glaciers  far  back  in  the  mountains.  In  these  cases,  however,  there  is  usually  a  step  or 
descent  in  the  glacier  surface  just  above  where  the  tributary'  joins  the  main  glacier. 
Whether  this  condition  is  due  to  a  moderate  recession  of  the  main  glacier,  or  whether  it 
is  normal  to  the  flooded  stage,  cannot  be  stated  on  the  basis  of  direct  observation,  but  by 
inliiwaee  it  seems  probable  that  in  the  stage  of  hi^^test  iee  flood  the  tributary  giader 
■uifttinj  wmdd  be  apprmiiuaMy  aooosdant  with  that  of  the  main  ^ader  and  that  tiie 
slq>  would  be  absent.  During  the  flood  stage  the  tributary  ice  streams  contribute  a 
greater  or  less  amount  of  ice  to  the  main  glacier  according  to  their  size;  but  in  the  great 
majority  of  cases  these  tributaries  are  so  small  that  as  soon  as  they  join  the  main  stream 
they  are  at  once  dominated  by  the  powerful  thrust  of  the  main  glacier.  That  this  was 
true  of  the  Cascading  Glacier  is  clearly  proved  by  the  huge  parallel  rock  grooves  on  the 
mountain  dope  beneath  it  These  were  without  questioD  eroded  by  the  vigoeous  west- 
wwd^noving  Nunatak  C&winv  and  then  is  no  sign  of  grooving  rasnUinff  fnMU  tibo  in- 
coming of  the  Cascading  Glacier. 

When  the  main  glacier  begins  to  wane,  its  thickness  decreases  while,  at  the  same  time, 
the  front  recedes  up-stream,  and  thus  ultimately,  because  of  thinning,  the  fact  of  dis- 
cordance between  the  bottom  levels  of  the  tributarj'  and  main  valleys  become  apparent 
by  the  development  of  a  step  where  the  tributary  emerges  to  join  the  main  ice 
stacam.  With  oonlinned  lowering  of  the  main  glacier  the  length  of  tliis  step  increases, 
sad  wo  may  idtimatcly  ha^e  a  cascading  ^ad«r  exten«fing  fram  tlie  Iqi  0^ 
almost  to  the  base  of  the  steepened  slope  beneath  the  hanging  vaUegr.  This  stage  in 
the  development  of  rnseading  glaciers  is  illustrated  by  a  tributary  on  the  south  side  of 
the  Nunatak  Glacier  about  a  mile  east  of  the  Cascading  Glacier.  It  descends  from  a 
valley  of  about  the  same  height  as  that  of  the  Cascading  Glacier,  but  its  cascading  front 
extends  clear  down  to  the  glacier  surface.  Scores  of  instances  of  similar  condition  are 
lound  in  the  Alawlran  r^ion.  The  next  step  consists  in  the  disoontinuatibn  of  the 
tribntaiy  end,  and  thm  we  have  (he  iwodnction  of  the  typical  caapading  Racier,  of  wiudh 
the  one  under  consideration  is  a  perfect  example. 

Once  the  mseading  glacier  is  disconnected  fn>m  the  main  ice  stream  to  which  it  was 
focmerly  txibutaiy»  its  recession  is  rdativety  rapid.   This  is  due  first  to  the  steepness 
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«f  tlie  nmrading  jMurt  of  the  ^ader,  whidi  penniU  the  UIBing  ol  ioe  fngptada  from  iU 
hoot,  that  cddiiig  a  veiy  effective  oeiiee  for  leeearion  to  the  ofdinaiy  one  of  melting. 

A  second  important  reason  for  more  rapid  reoOMion  in  this  stage  is  oftentimes  the  with- 
drawal of  the  main  glacier  from  beneath  the  cascading  glacier.  This  withdrawal  of  the 
ice  results  in  the  raising  of  the  mean  annual  temperature  in  the  immediate  neighborhood, 
and  ('oii8p<iuently  in  an  increase  in  ablation.'  This  cause  be<'omes  particularly  effective 
when  by  the  withdrawal  of  the  main  glacier  the  waters  of  a  iiord  take  its  place.  Perhaps 
this  ie  the  main  leeioniHiy  the  Hanging  Gtocier  on  the  north  dde  of  Kiiaetek 
«  longer  eaecadet  ont  of  its  moantain  Tallegr.  For  theee  tiro  leaiona*  after  ^aoonneetion 
«f  a  cascading  glacier  faom  the  main  glacier  there  is  a  period  of  rapid  recession;  but  above 
a  certain  levd  melting  must  again  become  retarded  and  recession  diminish  because  of 
the  lower  mean  temperature  at  that  elevation.  Ultimately,  if  no  change  in  the  ice  supply 
eomes  about,  the  time  might  arrive  when  a  balance  between  ablation  and  supph'  would 
be  reached  and  the  end  of  the  cascading  glacier  hold  its  position  somewhere  below  the 
level  of  the  val^y  lip.  SochoonditiondoesnotaeemtobepoirfUeinthe  YakntrtBigr 
legion  eaoeiitfaignpthoie  main  vallegwwhidi  are  atiUocciipiedbgri^  Thrani^out  the 
legion,  iffaerever  the  main  glacier  has  reoeded  past  the  moutiia  of  the  hanging  valleys, 
it  is  afipaient  that  but  a  short  time  has  been  required  for  rnrinsiinn  to  destroy  the  cascad- 
ing condition  and  to  force  the  ice  front  back  up  into  the  hanging  mountain  valley.  This 
fact  is  also  illustrated  in  the  Nunatak  Fiord.  Almost  directly  opposite  tlie  Cascading 
Glacier,  on  the  north  side  of  the  Nunatak  Fiord  valley,  there  is  a  hanging  valley  of  some- 
idiat  lower  level  than  that  occupied  by  the  Cascading  Glader,  and,  therefore,  presumably 
fonueriy  occupied  by  a  more  vigorous  glader.  The  first  positive  knowledge  in  regard 
to  UiisTalkQr  was  obtained  from  Gilbert's  photogr^ih  in  18iO  (PLLXIV)  wheieit  in  eesn 
that  the  tidal  arm  of  Nunatak  Glacier  at  that  time  expanded  completely  across  the  mouth 
of  this  hanging  valley.  In  the  valley  was  Hanging  Glacier,  an  ice  tongue  in  which  clear 
ice  showed  just  above  the  lip  of  llic  hanging  valley,  while  below  the  lip  a  moraine-covered 
tongue  projected  to  about  half  the  distance  between  the  lip  and  the  surface  of  Nunatak 
Glacier.  Because  of  the  lowness  of  this  hanging  valley,  and  because  of  the  fact  that 
it  opens  toward  the  south,  ablation  had  proceeded  much  faster  on  the  end  of  this  glacier 
than  on  the  Cascading  Glacier*  It  was,  therefore,  so  covered  by  moraine  that  the  i^ipear- 
ance  of  cascading  was  entirely  absent,  a  condition  due  partly  to  the  fact  that  the  slope 
below  the  lip  of  the  hanging  valley  is  less  steep  than  that  in  the  Cascading  Glacier,  partly 
to  the  presence  of  an  extensive  def)osit  of  gravels  on  the  nortlicrn  side  of  Nunatak  valley 
rising  part  way  up  the  mountain  Imse.  In  the  interval  between  1899  and  1909  Hanging 
Glacier  receded  so  perceptibly  that  its  lower  moraine-covered  end  was  almost  up  to  the 
kvil  of  the  hanging  valley  lip;  and  in  the  meantime  the  dear  ioe  area  was  entirely  replaced 
by  mMaine-CGvered  ioe.  At  the  present  rate  of  reoesnon  it  cannot  be  long  bdoie  this 
glacier  will  lie  entirdy  inside  the  lip  of  the  hanging  valky.  It  may,  therefove*  bo  oon^ 
sidoed  a  third  stage  in  the  destruction  of  the  cascading  type  of  glacier. 

Succeeding  stages  introduce  no  points  of  spe<'ial  significance,  for  the  later  stages  con- 
sist merely  in  continued  recession  of  a  valley  glacier.  In  the  valley  next  west  of  the  Cas- 
cading Glacier,  which  hangs  about  700  feet  above  the  fiord  level  (PL  LI,  B),  there  is  such 
a  receding  glacier  whose  end  now  lies  dbont  n  mife  bade  firam  the  Mp  of  the  hanging 
valley.    Tn  this  case  a  single  good-aiaed  glacial  stream  flows  from  the  iee  front  down  to 

*Tbe  oovering  of  a  main  glacier  by  a  thick  mantle  of  ablation  moraine  during  recewioo  1mm  the  ame  effect. 
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A,     ^'ARIE^.ATED  GuKCIER  IN  1905 

From  Statiou  II  (,M»p  3).    Tlu*  advam*  in  1906  fo\  ered  gorge  and  waterfall.    St-e  Plate 

Lll  and  ink  line  near  date  1909. 
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the  9dg6  of  tin  hanging  valley  (PL  LXXI),  thai  tmnbles  precipitoiuly  down  the  sbpe  hi 
•  AtSkm  gMVB  (PL  B),  iHiieh  it  ie  eethvly  deepening.  In  the  eariier  atagee  of 
deatiuction  of  a  cascading  (Racier  the  drainage  is  less  concentrated,  and  when  we  readi 
as  early  a  stage  as  that  of  the  Ca^ading  Glacier  itself,  a  multitude  of  stnaBUdiaehaige 

the  ice  drainage  down  the  steepened  slope  in  no  well  defined  courses. 

This  cascading  typo  of  glacier,  exists,  to  some  extent  at  least,  in  the  Alps,  and,  in  fact, 
must  be  a  common  condition  in  the  recession  of  trunk  glaciers.  Doubtless  it  was  far 
man  common,  and  l»  better  dereloped  in  the  AIpe  during  the  greatly  expanded  con- 
dltioncfglaeien  m  the  GhMsal  Mild;  lor  the  Alpfaw  glacis 

xesembled  the  Variation  in  Akika  to-dagr  tiuun  doee  the  iQpalMn  of  peenat-dey  A^piae 
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THE  HIDDEN.  FOUBTQ,  AND  SMAT.I.RR  GIACIEBS 

The  Hidden  Glacisb 

General  Description.  The  Hidden  Glacier  was  named  by  Russeii  '  in  1891  'vdiea  lift 
was  exploring  Russell  Fiord  and  "sailed  slowly  southward  before  an  uncertain  breeae, 
and  about  five  miles  south  of  Cape  Enchantment  saw  a  deep  opening  in  the  steep  bluffs 
forming  the  eastern  wail  of  the  valley.  A  curve  in  the  shore  there  forms  a  shallow  bay, 
at  tike  hoad  ol  iriuch  ihm  ii  ft  fateak  m  the  hiils,  and  we  could  loak  into  the  month  of 
the  canon-lilEe  valky  whidi  comes  down  to  the  water  with  a  vt^  low  giade^  and  it 
occupied  a  ahort  distance  within  by  the  end  of  a  good-siaed  Racier.  Only  glimpses  of  this 
interesting  vaUey  and  of  the  glader  wfaidi  it  dielten,  named  Hidden  Glacier,  could  be 
liad  as  we  passed." 

This  glacier  was  photographed  and  roughly  mapped  by  tlic  Canadian  Boundary  Sur\'ey 
in  1895  ^  and  in  1899  Gilbert  and  Gannett,  of  the  Harriman  Expedition,  studied  and 
mapped  WMm  Glacier,*  lAkb  was  revisited  and  studied  by  us  in  IMS,  1806,  IW 
19101  and  1018.^  No  doubt  the  name  Hidden  suggested  itself  to  BosseD  becaose  the 
leader  was  not  visible  as  he  sailed  up  the  fiord,  eioq>ting  from  one  point  of  view. 
Down  to  1906  Hidden  Glader  retained  the  same  general  [K)sition,  its  front  being 
separated  from  the  fiord  by  an  outwash  gravel  plain  a  little  over  two  miles  in  length, 
terminating  in  a  branching,  muddy  delta  front  at  the  head  of  a  small  bay  called 
Seal  Bay  by  the  natives;  but  between  1906  and  1909  the  glacier  changed  greatly. 
For  CQmpaiison  of  HIddett  Glacier  as  subsequently  observed  by  us,  as  wcB  aa  lor  com- 
parison with  its  oonditum  when  studied  1^  Gilbect  in  1800,  we  will  describe  its  i^ipear* 
anoe  in  1006  in  some  detail. 

The  upper  parts  of  Hidden  Glacier  are  better  known  than  any  of  the  other  large  gladeis 
of  Yukutfit  Bay.  The  maps  of  the  Canadian  and  American  boundary'  surveyors 
(Fig.  li)  show  it  to  be  a  through  glacier  connected  toward  the  east  with  one  or  more 
glaciers  tributaiy  to  the  Alsek  valley,  on  the  north  with  the  upper  portions  of  the 
Nunatak  Glader,  and  on  the  south  witii  the  upper  portions  of  the  Fourth  and  Yaknlat 
Gladers.  We  do  not  know  from  direct  obsovatioa  what  the  condition  of  the  glader 
tributaries  may  be,  nor  theirsise  or  number;  but  the  inactivity  of  Hidden  Glader  ia 
1800,  1905,  and  1906,  and  the  condition  and  position  of  the  glader  front  suggests  that 
there  b  a  limited  supply  of  ice.  In  1005  the  glader  was  about  a  mile  in  width  at  its 

iRu£8eII,  I.  C.  Second  Exp  dition  to  Mt.  St.  Elias,  ISth  Am.  B^t,  U.  &  OeoL  Snmy.  UOt,  pi  87. 

*  Atlas  of  Award,  Alaskan  Boundary  Tribunal,  Sheet  21. 

t  Harriman  Alaaka  Expedition.  Vol.  III.  1904.  pp.  5S-68  and  PI.  IV. 

« Tarr,  R.  S.  ud  If^tliB^  iBVienoe,  Gladen  and  Gladation  of  Yakutat  Bay,  Alaaka.  Bull.  Amer.  Geog.  Soc« 

Vol.  XXXVIII.  1906,  pp.  150,  151;  Tnrr.  R.  S..  The  Yakutat  Bay  Region,  Alaaka,  Professinna!  Paper  64,  V.  S. 
Geoi.  Sun-ey.  1909.  pp.  fi(M4:  Tarr,  R.  S.  and  Martin,  Lawrence,  The  National  Geographic  Society's  Aiaakaa 
l]9«ditioa  €f  UW.  Nu.  Geoff.  llaff„  Y6L  XXU  1910.  w         48, 4$,  U. 
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^wnrniRi  being,  therefore,  about  as  wide  as  Nunatak  Glacier  or  Turner  Glacier  within 
itsmonntamvaUey.  lUwriaee  was  art  notabbrCTevasaed  and  its  front  did  art  eart^ 
to  the  aeft.  Snow-capped  WMWiitainii  zlae  abov*  It,  on  either  aide  (Fl.  LiLUil),  and  a 
Domber  of  small  tributaiy  glaciers  deaoend  from  extensive  awmfielda  on  the  akpea  of 

the  enclosing  mountains;  but  there  is  no  proof  of  the  ezisteQce  of  any  large  tributaries. 

In  1905  the  lower  five  or  six  miles  of  Hidden  Glacier  reminded  one  ver>'  much  of  the 
Orange  and  Fourth  Glaciers.  The  glat  it-r  surface  was  smooth  and  only  slightly  crevassed, 
and  there  was  an  almost  total  absence  of  morainic  debris.  On  each  side  of  the  lower 
glacier  thote  waa  a  weD-defined  lateral  mondne  which  in  its  lower  portion  rose  in  the  form 
of  aniriegnlariidgebecanae'oltheprotfletitMi  whS<4i  ihmn%nr^nmtt)i%rmrffLwmtn^}\ff  ^iMV»r» 
lying  ice.  There  were  two  medial  moraines,  one  coming  down  to  the  front  doee  bj  the 
southern  lateral  moraine,  the  other  u  few  handled  sraidafarthemorth.  Theie  two  medial 
moraines  are  interi)retcd  as  repre- 
senting the  incoming  of  t  wo  weaker 
tributaries  from  the  south  side  and 
further  as  indication  that  the  main 
ghderaapply  laeKhflr  from  tlieeaat 
or  from  the  north,  ptesumably  the 
fonner  because  of  the  narrow  belt  of 
mountains  on  the  nortli  side  between 
the  Nunatak  and  Hidden  Glaciers. 
The  lateral  moraines  extended  a 
ihort  distance  beyond  the  visiUe 
front  «f  the  Hidden  Glacier,  fram- 
ing a  hummocky  group  of  ice-cored 
morainic  hills.  Between  the  lateral 
and  medial  moraines,  even  at  the 
verj-  front  of  the  glacier,  the  surface 
was  remarkably  free  from  moraine, 

only  a  small  amount  of  staining  in    Fiq.  12.  Tom  Wbols  of  Hidden  GiAonR.  FkoMT  Shown 
the  evtemiott  portion  dIsooloDng  AaMjweaayCMrmiwBeeamiayflqmnrnrMQg. 
the  otherwise  deer  fee  sniface. 

The  lowest  tributary  to  the  Hidden  Glader  enteied  it  about  half  a  mile  from  its  front. 
This  tributary  is  short  and  is  supplied  from  a  great  .snowfield  that  clothes  the  steep  upper 
portion  of  its  valley;  but  it  was  evidently  not  suf)i)lying  a  great  amount  of  ice  to  Hidden 
Glacier  in  1905  for  its  lower  portion  was  completely  covered  by  ablation  moraine.  Abla- 
tion was  in  rapid  progress  all  over  the  lower  part  of  the  Hidden  Glacier,  and  the  snow 
lineligr  frv  up  the  glacier. 

The  amrfboe  dope  ol  Hidden  Gkder  WM 1^  modente^  but  at  the  front  the  slope  In- 
creased to  from  10°  to  20**.  Here  the  leader  apparently  terminated  and  from  the  visible 
front  two  fair-sized  glacial  streams  emerged,  besides  se\  eral  smaller  ones.  The  smaller 
of  the  two  streams  came  from  the  ice  on  the  north  side  of  the  valley,  entered  a  (hn  i>  trorge 
cut  in  older  glacial  gravels,  then  flowed  out  in  numerous  branches  over  an  alluvial  fan 
which  graded  down  to  the  outwash  gravel  plain  that  lay  between  the  front  of  Hidden 
Glader  and  the  tea.  Aoeoiding  to  the  Boondaiy  Commlsdon  map  of  1805  (Fig.  IS), 
endthemapmadel^Gannett  In  1800  (PL  LXXXV,  A),  the  atieam  on  the  north  dde 
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was  the  largest,  but  in  1905  and  1906  the  stream  issuing  from  the  south  HIHgiB  of  the 
glacier  was  many  times  larger  than  that  from  the  northern  margin. 

A  possible  explanation  of  this  condition  is  suggested  by  a  photograph  from  the  north 
side  of  the  valley  made  by  Gilbert  in  1899.  In  this  photograj^  the  surface  of  the  outwash 
gmvd  plain  in  front  ol  the  Racier  is  aeen  to  rise  peii^^ 
and  aboive  n  part  of  its  8nifooe»  aboiit  n  quarter  of  a  mile  from  the  glacier 
area  of  irregular  form  rose  above  the  plain  (PI.  LXXn,  B).  This  black  elevated  area 
was  evidently  lateral  moraine,  a  contirmation  of  the  lateral  moraine  on  the  glacier, 
rising  above  the  outwash  gravel  plain.  Neither  the  black  moraine  nor  the  rising 
outwash  gravel  was  present  in  1905.  We  assume,  therefore,  that  there  was  ice  here  in 
1899  which  before  1905  had  so  melted  away  as  to  allow  the  burial  of  the  moraine,  and 
thedevdopmentof  alarge  glacial  stveam  <m  the  south  side. 

The  sooth  atzeam  emei^ed  in  1906  from  a  large  tmuiel  beneath  an  ice  pneipioe 
(PI.  LXXrV,  A),  boiling  out  in  great  volume  and  flowing  with  great  velocity 
(PL  LXXrV,  B)  to  the  sea.  It  was  so  clouded  with  sediment  as  to  be  yellowish-brown 
in  color,  and  was  carrying  along  with  it  good -sized  pebbles  and  small  bowlders.  Ex- 
cepting near  the  sea,  this  stream  did  not  possess  any  distributaries  of  large  size  during 
the  period  of  our  observation,  differing  in  this  respect  from  the  northern  stream, 
which  divided  and  salxBvided  into  many  Imncfaes.  Hoiravw,  that  the  aoatii  strem 
was  not  confined  to  a  single  channel  throu^umt  the  entire  season  was  made  dear  by 
the  large  numbers  of  bfanehing  stream  courses  on  the  OVlwaah  gravel  plain,  and  also 
by  the  entire  absence  of  vegetation  on  this  plain.  It  was  evident  that  during  the  spnag 
melting  the  volume  of  both  the  south  and  north  streams  was  so  increased  that  they  sent 
branches  in  constantly-shifting  courses  over  all  parts  of  the  outwash  gfravel  plain. 

The  OtUwcuh  Gravel  Plain.  It  is  these  streams  that  have  built  the  extensive  gravel 
plain  that  lay  between  the  glacier  and  Seal  Bay  in  1899  (PL  LXXV,  A),  1905,  and  1900. 
In  those  yean  the  streams  were  actively  engaged  in  hidlding  iMtii  iqiw^ 
as  th«iy  doubtless  had  been  for  many  yean  before^  On  the  saawaid  margin  the  pimn 
stood  at  and  below  sea  levd,  a  broad,  muddy,  tidal  flat  being  exposed  at  low  tide,  and 
shallow  water  extending  some  distance  from  the  visible  front  of  the  delta;  but  at  a 
distance  of  a  few  hundred  feet  from  low  tide  line  the  submerged  edge  of  the  delta  was 
reached,  the  front  sloping  abruptly  to  the  deep  water  tliat  occupied  outer  Seal  Bay. 
From  its  tidal  margin  to  its  inner  edge,  at  the  glacier  front,  the  surface  of  the  outwash 
gravd  pkun,  or  TaHfiy  train,  was  for  the  most  part  smoodi,  electing  where  ctossed  by 
occnpied  or  abandoned  stream  channels.  Hie  slope  vsp  to  the  ghder  front  was  almost 
imperceptible  and  the  elevation  <rf  the  inner  portion  of  the  plain  was  oo^  about  IM 
feet. 

The  inner  portion  of  the  outwash  gravel  plain,  close  by  the  ice  front,  presented  peculiar 
and  interestinf;  {ihenomena.  Fringing  the  glacier  front  was  a  broad  ditch,  or  fosse, 
(Fig.  13)  about  20  yards  in  width,  terminated  on  each  end  by  a  series  of  low,  hummocky 
ice  knoOs  with  gravel  veneer»  having  the  general  appearanoe  of  groops  of  kame  UOs* 
with  cresoentic  form  paralldiiig  the  ^ader  front.  One  waU  of  this  Ibsse  was  loaned  by 
the  Hidden  Glacier  front  (PL  LXXV,  B),  which  rose  at  an  angle  of  about  15**.  The 
other  wall,  which  was  about  20  feet  high,  was  a  gravel-veneered  ice  cliff  with  an 
of  slope  greater  than  The  presence  of  ice  in  this  wall  of  the  fosse  was  shown  in  a 

number  of  places  where  water  escaped  through  small  caves  in  the  ioe  cliff.   loe  also 
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csditedoiitliefloorof  the  fone,  thus  proving  that  IBddeii  Glacier,  Mippueoity  ending  in 
a  dean  ice  akipe  at  an  angle  of  15^  or  9tf,  in  reality  eoctoided  oat  boneaUi  the  fowe 

and  under  the  gravel  plain.  The  presence  of  ice  even  farther  out  waa  plainly  shown 
by  the  pitted  condition  of  tlie  outwash  gravel  plain  surface,  as  was  obser\'ed  by 
Gilbert  *  in  1899  before  the  fosse  had  developed;  and  it  waa  exhibited  with  remarkable 

I  perfection  in  1905.  Some  of  the  kettles  were  small,  shallow  pits  a  few  feet  in  diameter. 
Others  were  of  large  size,  the  largest  measuring  250  feet  in  length  and  50  feet  in  width. 
TkedaptholtibelBettbiVMiadfiomlortfeettoUorlSlaet.  Maqy  of  tiie  kettle*, 
eqwetaQy  the  Adkm  ones,  were  dzy;  but  others,  notary  the  lazfe  kettles,  oontained 

I  poob  (Fl.  LXXVI)  of  dear,  deep-blue  water  a  fern  feet  in  depth,  the  greatest  depth 
aMasored  being  about  10  feet.  Ahogethw  there  were  over  a  hundred  good-eiaed  pits  in 


Fio.  18.  Hmnn  Glaciek  Im  IdOS,  SaowiNa  Fobsb  betwsbm  thx  Gi.Acm 


an  area  of  about  a  square  mile,  and  the  region  pitted  by  these  kettles  extended  fully  a 
mile  from  the  visible  leader  front. 

The  pweencie  of  the  kettles  in  the  outwaah  gravel  plain  was  interpreted  by  Gilbert, 
and  by  oundvea,  as  proof  of  the  pieeenoe  of  ice  boieath  the  gravds.  There  is  abundant 

evulence  to  nqq^rt  this  condusion.  In  the  first  place,  the  great  amoimt  of  dear,  ice- 
ootid  water  emerging  from  the  kettles  could  be  accounted  for  only  by  the  melting  out  of 
buried  ice.  Numerous  small  streams  issued  from  the  kettles,  their  clear  water  con- 
trasting strikingly  with  the  muddy  water  of  the  nearby  glacial  streams.  That  tlie 
kettles  were  devdoping  by  irregular  subsidence  of  Uic  surface  of  the  outwash  gravel 
phm  doiiiig  our  visit  in  190$  waa  deaify  proved  by  the  abundant  evidence  of  fmlting 
and  ehmplng  of  tibe  gravds  and  the  siBding  down  of  the  kettle  waOa.  Furthennore^ 
on  the  bottom  of  some  of  the  kettles  were  depodti  of  mud  recently  made,  and  faulted 
by  sabsidence  since  their  accumulation.  The  very  existenro  of  the  kettles  on  the  gravd 
plain  is  indication  of  the  recency  of  their  origin,  for  the  surface  of  tlie  plain  was  traversed 
by  an  intricate  series  of  abandoned  channelways,  some  of  the  largest  \^ith  banks  SO  or 

■GA«t  G.      GlMkn  aad  GlMMtiso.  BttiiaM  Alaika  EipMi^^ 
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40f6etapart»aiul«fthadepthof  5tol0feet  Thene  is  eveiyreafon  for  believing  tlufc 
these  chaimehrayB  had  been  cNscui^ed  by  water  derived  from  the  mdltuig  of  tiie  tnows 

in  the  spring  of  1906.  Further  proof  that  the  surface  of  ahnost  all  parts  of  the  gcaTd 
plain  was  frequently  reached  by  the  branching  glacial  streams  is  found  in  the  absence 
of  V^etation,  for  even  individual  annual  plants  were  found  in  only  a  few  places.  With 
such  rapid  upbuilding  of  the  plain  as  was  evidently  in  progress,  and  v^nth  such  recent  ex- 
tension of  the  streams  over  its  surface,  it  is  inconceivable  that  kettles  could  long  remain, 
for  thcfjr  would  soon  be  destroyed  by  straam  erasioii  aad  by  gravel  depositioii.  Wo 
are  oonvinoed,  therefore,  that  the  kettles  obeervod  in  1005  wen  hi  the  main  the  lerait 
of  the  melting  of  the  buried  ice  in  thftt  angle  season. 

The  presence  of  buried  ice  beneath  the  outwash  gravel  plain,  and  its  direct  connection 
with  Hidden  Glacier,  are  established  by  the  facts  obser\'ed  in  1905.  We  could  not  de- 
termine exactly  how  far  the  ice  extended,  though  the  presence  of  kettles  to  a  distance  of 
at  least  a  mile  from  the  ice  front  furuiiihed  evidence  of  its  extension  that  far.  Beyond 
this  iKNnt  no  kettles  wefo  obaervod,  and  wiiile  it  is  poflsibb  that  ioe  in^ 
ther  than  a  niife  ftom  tho  viiil^  ioe  frant,  it  is  not  pfobal)lei  ai^ 

very  thin.  The  inference  that  we  draw  from  tlie  facts  observed,  is  that  a  moderately- 
thick  ice  foot,  buried  beneath  the  gravels,  projected  for  approximately  a  mile  beyond  the 
visible  front  of  Hidden  Glacier,  gradually  thinning  and  disappearing.  There  was  a  con- 
tinuous diminution  in  the  size  of  kettles  and  in  the  degree  of  slumping  of  tlie  surface  for 
about  a  mile  from  the  ice  front.  This  of  course  may  in  part  have  been  due  to  deeper 
bmial  of  the  use  on  the  outer  portion,  but  it  was  piobaUy  mainly  due  to  the  thinning  of 
the  ioe.  It  is  a  noteworthy  fact  that  the  are*  of  most  abundant  and  hugest  fcefttks» 
which  was  within  a  quarter  of  a  mile  of  the  visible  glacier  front,  was  on  the  site  occupied 
by  the  glacier  when  Gilbert  photographed  it  in  1899. 

The  presence  of  this  buried  ice  beneath  the  gravel  plain,  and  the  evidence  of  its  direct 
connection  with  the  glacier  beneath  the  fosse,  supports  the  conclusion  reached  above 
that  Hidden  Glacier  was  not  in  active  movement  in  1905,  at  least  in  its  outermost  portion. 
It  would  htsfre  required  only  a  very  slight  thrust  to  hsvt  broken  the  buried  ioe,  md  with 
it  the  overiying  gravel  plain.  Even  at  the  very  edge  of  the  fosse  the  grsvd  showwl  no 
sign  whatsoever  of  faulting,  with  the  exception  of  that  due  to  subsidence.  We  infer  from 
this  fact,  as  well  as  from  the  uncrevassed  glacier  surface  and  the  evid^ce  of  recession 
of  its  visible  front,  that  in  1905  the  lower  part  of  Hidden  Glacier  was  in  a  stagnant  state, 
and  that  its  recession  would  in  all  probability  have  continued,  as  in  tlie  past  years,  were 
it  not  for  the  absolute  change  in  conditions  brought  about  by  the  earthquakes  in  1899. 

The  nuumer  un  ^ch  wo  oonoeive  ike  burial  of  the  glador  terminus  by  the  graveb  to 
have  been  effected  is  as  follows:  In  the  early  spring  the  expanded  surfsoe  of  Hidden 
Glacier  readied  at  least  as  far  out  as  the  west  wall  of  tiie  foase,  and  probably  farther. 
With  the  coming  of  Spring,  large  streams,  derived  from  melting  of  snow  upon  the  glacier 
deposited  gravel  upon  the  glacier  terminus,  thus  protecting  it  from  melting  rapidly. 
When  such  streams  waned  and  ceased  depositing,  ablation  would  proceed  more  rapidly 
upon  the  clear  ice  portion  of  tlie  glacier  than  upon  that  veneered  with  gravel.  In  this 
way  a  fosse  or  valley  developed  between  the  dear  and  the  grmvd-veneered  ioe.  A  lake 
might  fonn  in  such  «  dqiression,  ultimately  being  drained  thiouf^  mouKBS.  Wbeie 
the  gravd  was  thinnest,  that  is  nearest  the  glader,  the  subsequent,  more  melting 
of  the  ioe  beneath  the  gravds  resdted  in  shunping,  with  the  productkm  of  »  kame  mocuai^ 
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Farther  out  only  pits  were  formed  at  first,  being  filled  later  by  alluviation;  and  this  proc- 
ess might  go  on  for  years.  The  ultimate  kettles  upon  the  pitted  plain  would  be  those 
due  to  the  melting  of  the  last  isolated  remnants  of  the  buried  glacier  that  were  not  filled 
Ij  the  last  aUnviation. 

Hie  ontwadi  gnvcl  pltin  built  in  trant  of  the  Hidden  Gleder  fitnnahee  an  earedlent  ' 
cample  oi  a  deporft  oonmon  in  regions  of  Pleistocene  gledation  in  Eun^e  and  Anerict, 
but  here  in  actual  process  of  formation.  The  significance  of  the  phenomena  observed 
in  this  valley  in  190o  will  be  apparent  to  students  of  Pleistcxenc  Khi<  i'"il  deposits.  If  the 
ice  had  all  melted  away  in  1905  there  would  have  developed  a  crescentic  kame  moraine 
area  with  an  ice-contact  face  toward  the  glacier  and  with  a  sloping  outwash  gravel  plain 
toirud  the  aea,  pitted  by  mmieroui  IcetUet.  Hie  stream  chaiineti  eo  the  jdain  troold 
extend  np  to  uliere  the  ^bcier  front  stood  in  1005.  Many  of  the  ketties  would  be  fiBed. 

Recession  Between  1899  a$id  1905.  The  photographs  and  map  made  by  the  Ilarrinuui 
Expedition  in  1809  give  a  basis  for  fairly  exact  comparisons  of  the  conditions  in  1899 
and  1905.  In  some  cases  it  wa.s  jwssible  to  occupy  the  exact  sites  of  Gilbert's  1899 
pictures  (PI.  LXXVII) ;  in  other  cases  the  approximate  position  could  be  located.  In 
the  interval  of  six  years  there  was  a  recession  of  the  Hidden  Glacier  front  of  more  than  a 
qaarter  of  a  mile.  Thne  mm  evidntly  at  the  aame  time  a  change  in  poation  of  the 
moat  projecting  part  of  the  vhStAt  iee  front,  for  Gannett's  map  shows  the  outenaoat 
pobt  dose  to  the  south  waD  of  the  vaDqy,  utoeaa  in  1905  the  i^adbr  projected  most 
near  its  center.  There  was  also  a  change  in  the  point  of  emergence  of  the  largest 
glacial  stream,  as  already  stated.  The  lateral  moraine  on  the  south  side  was  more  pro- 
nounced in  1905  than  in  1899,  but  this  fact  is  probably  only  partly  due  to  continued 
recession,  for  our  visit  was  about  a  month  later  in  the  season  than  Gilbert's,  and 
latnially  by  that  time  summer  ablation  nunld  have  brought  the  motaine  into  greater 
mm* 

BoriurBteessum.  Prior  to  1899  we  have  no  suflBciently  accurate  basis  for  determining 
the  position  of  the  Hidden  Glacier  front,  though  the  Canadian  Boundary  Commission 
map,  based  upon  observations  in  1895,  and  Russell's  name  Hidden  Glacier,  given  in  1891, 
both  indicate  that  the  glacier  front  was  in  those  years  well  l)ack  within  the  mountain 
valley.  The  glacier  was  less  than  If  miles  from  the  fiord  on  the  1895  map,  and,  if  this 
iiaeenmleb  it  leAreafted  about  500  feet  betwwB  1805  and  18W.  Hoiiraver,  that  ffidden 
Glacier  had  recently  been  modi  move  extensiTe  than  in  1800  was  dearly  proved  by  a 
lumber  of  f  acti»  notably  the  pronounced  grooving  and  fluting  of  the  mountain  slopes, 
to  an  elevation  of  1000  or  1500  feet,  of  such  recent  date  that  weathering  had  not  notably 
erased  it;  the  general  absence  of  vegetation  on  the  lower  valley  slopes  and  the  entire 
absence  of  alder  thickets;  and  the  presence  of  overridden  gravels. 

The  north  side  of  Hidden  Glacier  valley,  which  has  not  been  as  greatly  oversteepened 
by  glacial  erosion  aa  tiie  aouQi  rfde>  had  in  1800  and  1005  a  aeries  of  gravel  deposits  ex- 
tending two  or  three  hundred  feet  above  the  oubrmh  plain  and  down  the  valley  for  a 
mile  and  a  half.  The  gravel  surface  was  sculptured  in  indistinct,  westward-desceaifing 
terraces,  and  stream  cuts  shonrsd  esodknt  stratification  with  fragments  of  trees  among 
the  gravels. 

The  nortli  end  of  the  glacier  rested  upon  these  gravels  (PI.  LXXX,  B),  the  glacier 
nirface  sloping  10**  to  Id**  westward  and  the  gravel  surface  about  5**  southeastward,  or 
lovaid  the  oentre  of  the  glacier,  causmg  the  iee  to  vredge  out  into  a  thin  edge.  Itwaa 
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thus  viMy  demonstraMe  fhat  the  glader  had  aveaoAddea  the  gravels,  oroding  tfaeni* 

ahoum  by  the  broadly-tnmcated  stratifioitiom  cl  tin  gravel,  and  with  erosion  moit 
pronounced  in  the  centre  of  the  valley  because  the  eroded  surface  sloped  that  way.  | 
Gilbert  had  detected  the  overriding  of  tliese  gravels  in  1899,'  before  recession  had 
revealed  the  site  where  the  glacier  itself  rested  on  the  gravels  in  1905  (PI.  LXXVIII,  A), 
observing  the  smooth  curves  eroded  by  flowing  ice,  truncating  stratified  gravel  deposits. 
He  also  noted  the  fact,  wliicfa  we  likewise  obsemi,tlu4  tlm 
■eatteredenrnticblocksrestipgan  thesnrfaceof  the  tranceted  gravels.  The  overridden 
gravels  extend  outside  of  Hidden  Glacier  valley  far  down  into  Bussell  Fiord,  proving 
a  former  great  extension  of  the  glacier,  during  whoae  advaooe  WO/kui  had  iGU]^E>tiired  j 
but  not  removed  gravels  of  earlier  deposit.  i 

In  1905  a  stagnant,  outlying  mass  of  moraine-protected  ice  lay  upon  the  gravels  over 
an  eighth  of  a  mile  from  the  glacier,  showing  gradations  of  kame  topography,  with  various 
■Itgw  qf  melting  •ocording  to  the  datanee  from  the  main  g^toejer.  It  vm*  lateral  mo-  . 
laiBflmaiairiioea  melting  i>oiildlat»piDdnce>iupeffpiiril^ 
upon  earlier,  ice-eroded  gravels. 

Thus  in  1905  the  terminus  of  Hidden  Glacier  showed  clearly  the  two  interesting 
phenomena  of  a  glacier  margin  resting  upon  old  gravels  which  were  sculptured  but  not 
wholly  r^oved,  and  the  middle  of  a  glacier  with  its  terminus  buried  beneath  modem  | 
gravels  which  were  still  being  deposited  upon  it. 

CmidUiminlOOS.  TheieoeMioiiof SddmGlaieierframitafDimeradvHm 
omnwiiiBg  whidi  ne  have  apeeifie  evidnoe  betweeo  1800  and  1006.  eontiniied  at  lea«t 
imtfl  June,  1006.  At  that  time  the  Geological  Survey  party  visited  Seal  Bay  and  took 
a  photograph  of  the  Hidden  Glacier  from  near  its  mouth,  but  seeing  that  the  glacier  was 
in  essentially  the  same  position  and  condition  as  in  1905,  and  having  other  objects  in 
view  for  the  season's  work,  no  further  study  was  given  Hidden  Glacier  at  that  time. 

Condition  in  1909.  On  July  10,  1909,  when  the  National  Geographic  Society  party 
founded  the  point  nhich  fotma  the  north  ride  ct  Seal  Biqr»  the  fotmedy  Hiddai  Glacier 
hnrat  iqxm  our  view  with  an  ioe  front  so  high  and  so  near  that  at  fint  we  thought  it  had 
become  tidal  (PI.  LXXVlll,  B).  It  no  longer  deserved  the  name  Hidden,  for  it  bold^ 
projected  out  in  its  valley  so  far  that  it  formed  a  prominent  feature  in  the  landscape 
from  all  points  of  view  where  one  could  look  into  Seal  Bay.  Hidden  Glacier,  stagnant 
in  1899,  1905,  and  as  late  as  July  6,  1906,  and  showing  striking  evidence  of  notable 
recession  between  1809  and  1905,  had  suddenly  changed  its  condition,  and  between  July 
0»  100<|,  and  July  10, 1000,  had  pushed  Ha  front  locwaid  Mfy  two  miles,  and  to  ivithin 
a  fittb  over  a  quarter  of  a  mile  of  the  aea.  When  the  Ioe  front  atood  in  lOQS  and 
1006  there  was  a  thickness  of  about  eleven  hundred  feet  of  ice  in  1909  (Fig.  14),  as 
shown  on  our  detailed  topographic  map  (Map  5).  Our  most  important  photographic 
sites,  selected  in  1905  for  the  purpose  of  sho\s-ing  changes  in  the  glacier  front  as  it  con- 
tinued to  recede,  were  deeply  buried  beneath  the  glacier.  The  formerly-overridden 
gravel  terraces  were  covered  by  ioe  and  the  glacier  had  completely  overridden  the 
pitted  oittwaafa  gravel  plain  (PL  LXXXV),  Its  front  lajr  neattjr  a  ndle  bcgrand  the 
outeinioet  limit  of  kettle  devdopinent  in  1006. 

Two  of  our  photographic  sites  of  previous  years  could  be  reoocupied  because  they  lay 
lar  enou^  down  the  valley  to  be  bqrond  the  reach  of  the  advancing  ioe  front.  One  of 
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these  sites  was  on  a  low  knoll,  about  200  feet  above  the  sea,  and  veiy  near  the  outer  edge 
fli  tbe  outwaah  grml  pbun*  In  the  inotme  ni  July  80,  1005,  firam  fUt  lite  the  glacier 
front  is  dirtaat  and  ioe  oeenpiaa  onljr  *  vtaj  maaH.  fm&dfm  of  the  entiie  pietme,  all  the 

fbr^nmnd  for  two  miles  being  outwaah  gravel  plain.  In  the  picture  of  July  10,  1909, 
from  the  same  site,  on  the  other  hand,  the  glacier  dominates  the  view  f  Pi.  LXXIX,  A), 
and  the  outwash  gravel  plain  occupies  only  a  narrow  strip.  Between  two  and  three 
square  miles  of  ice,  with  an  average  depth  of  several  hundred  feet,  has  been  added  in 
this  picture.  No  less  striking  is  the  ditlerence  in  appearance  of  the  Hidden  Glacier 
TuSkfy  In  tibe  two  photograplia  from  tiie  aame  nte  on  the  aUnvial  frm  at  theoutennoat 
parted  the  outmnh  giwvel  plain,  one  taken  July  S,  1806  (PL  LXXX,  A),  and  the  other 
Jn|y  10, 1009.  In  the  latter  picture  the  ice  front  is  near  at  hand  and  the  glacier  u  so 
large  that  it  was  impossible  to  show  it  on  a  single  5x7  plate,  whereas  in  the  1906  photo- 
graph  tlie  glacier  front  extends  only  about  a  fourth  of  the  way  across  the  picture. 
Such  a  sudden  and  enormous  change  in  the  position  of  the  glacier  front  in  so  brief  a 
time  is,  so  far  as  we  know,  without  recorded  parallel.  Accustomed  as  we  were  by  this 
time  to  iodi  tiaarfbmyrtMiw  of  gladets,  the  change  in  the  Hidden  Glacis 
ahaoet  inorafible,  even  aa  we  looked  upon  it  with  our  own  earlier  photographs  in  our 
haada^ 

The  surface  of  the  glacier  contrasted  as  strikingly  with  its  1905  condition  aa  did  the 
position  of  its  front.  From  the  very  outer  edge,  back  as  far  as  we  could  .see  up  the  glacier 
valley,  and  from  one  side  to  the  other,  the  ice  surface  was  rough  and  broken,  forming  a 
striking  contract  to  the  smooth,  unbroken  surface  of  1899,  1905,  and  1900.  The  rough* 
MM,  though  great,  waa  net  ol  the  aanw  charaeter  aa  that  praaanted  by  the  Atrevida, 
▼aiiegBted,  Haenka^  and  IfMna  Glaeien  in  IMS,  and  by  the 
Li  theae  eaaea  the  iee  waa  so  broken,  there  wen  ao  many  pinnacles,  and  such  a  mass  of 
yswDing  crevaaaea,  that  the  glaciers  were  impassable;  but  in  the  Hidden  Glacier  the  ir- 
regularities were  all  rounded  (PI.  LXXXI)  and  it  is  clear  that  there  had  been  not  only  a 
breaking  of  the  surface,  but,  as  in  the  case  of  the  Variegated  Glacier  in  its  1909  con- 
dition, a  subsequent  healing  aa  well.  Although  exceedingly  rough,  and  with  numerous 
ewvnaaea,  it  aaamad  tone  ikon  Che  view  windiiin  obtained  on  the  mn^  aide  at  an 
ele¥atiea  el  000  feet,  wheie  we  eoidd  look  over  the  broken  auifm  that  it  wooM  be 
poesible  to  traverse  it  in  almost  any  part,  thoof^  there  were  areaa  of  excessive  crevasaing 
which  would  undoubtedly  make  necessarj^  the  exercise  of  great  care.  We  walked  over 
portions  of  the  northern  margin  and  the  lower  end  of  the  glacier  in  order  to  satisfy  our- 
selves as  to  the  exact  conditions  from  near  at  hand,  and  what  was  observed  there 
seemed  to  be  a  duphcation  of  the  conditions  throughout  most  of  the  visible  glacier  sur- 
face. Theae  parte  of  the  glacier  surface  were  made  up  (rf  a  series  of  huge  swells,  with 
aenMrwIiat  ahaipened  creata,  liaing  from  80  to  SO  feet  above  the  bioed  depreaaiona 
between  them  and  giying  to  the  anifaoe  an  ondulation  atrikingly  in  contrast  with  the 
r^ularity  and  smoothness  in  1905.  Eveiywheie  along  the  margin  of  the  glacier,  the  ice 
was  badly  cracked  and  seamed,  showing  the  irreat  strain  to  which  it  has  been  sub- 
jected; and,  in  addition,  the  surface  was  interrupted  by  innumerable  crevasses,  some  of 
them  of  considerable  depth,  so  that  in  crossing  the  glacier  it  was  necessary  to  follow  a 
winding  path  in  order  to  avoid  the  crevasaea.  Everywhere  ablation  was  in  rapid 
progreaa  and  maagr  iheaiiiB  were  oooning  over  the  ghcier  amfaoe^  which  had  afanoat 
no  morainie  veneer  to  proteet  it  from  mdtang* 
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Af  in  18M»  1905,  and  1909  Hie  smfboe  of  the  Hidden  Gleeier  wis  in  1909  lenurioiblj 
iireeel  dfibm  80  IliAtinaUllievieirscmeieesmMnlydeerioe.  There  mu,  in  feet,  ev«n 

less  debris  than  in  previous  years,  for,  with  the  advance  of  the  glacier,  there  had  been  a 
lateral  spreading  and  a  rising  on  the  vallc:^'  side,  as  a  result  of  which  the  lateral  moraines 
had  been  destroyed.  There  was,  therefore,  an  absence  of  the  lateral  moraines  which 
formed  a  prominent  feature  of  the  glacier  margin  in  previous  years.  The  medial  moraine 
was,  however,  still  present  and  still  over  on  the  south  side  of  the  valley;  but  near  the 
tenninns  it  iwimg  atiU  futhflr  Mttth,  and  at  tiie  veiy  end  of  tiie  giaoier 
The  fact  that  this  medial  moraine  had  letained  its  aiqwoodmate  poatioa  funodies  pvoof 
that  the  thrust  by  which  the  Hidden  Glacier  was  broken  and  pushed  forward  did  not 
come  from  the  glacier  tributary  on  the  south  by  which  this  medial  moraine  is  supplied. 
Had  there  been  such  a  thrust  from  that  glacier  this  medial  moraine  would  of  necessity 
have  been  pushed  farther  out  into  the  glacier  than  it  was  in  1905.  We  assume, 
therefore,  that  the  thrust  came  from  either  the  east  or  the  north. 

Hie  margins  of  the  ^UM^ier  were  examined  with  some  interest,  becaase  the  ioe  had  and- 
denly  risen  op  over  gravel  and  rock  slopes,  fanmwiu(^k»  had  for  many  yean  be» 
The  two  maigins  of  the  glacis  were  found  to  be  qnite  different.  Along  the  northern 
margin  there  was  a  band  of  barren  moraine  200  to  800  feet  in  width,  with  no  living 
vegetation  but  with  many  fragments  of  willow,  alder  and  rottonwood.  At  its  upper 
border,  in  a  number  of  places,  there  was  a  well-defined  ridge  of  bowlders,  till,  gravel, 
and  plants  shoved  up  by  the  advance  of  the  glacier  (PL  LXXXIII).  It  is  a  perfect 
Ufaistantion  of  dioved,  or  posh  moffaine*  and  in  places  was  faulted  and  doubly  ridged 
by  the  thnist.  It  wound  up  and  down  the  hillside  in  irregular  lobes,  efl«i  i&ing 
hi^est  on  spurs  rather  than  in  adjacent  gullies.  The  barren  morsine  (PL  LXXXVI,  A) 
between  this  shoved  moraine  and  the  ice  shows  clearly  how  much  recession  there  had 
been  since  the  period  of  greatest  lateral  advance.  In  some  places  the  marginal  moraine 
was  distinctly  hummocky,  espc<  ially  in  places  where  the  hillside  drainage,  winch  in 
earlier  years  extended  down  to  the  outwash  gravel  plain,  found  itself  interrupted,  in  its 
progress  by  the  new|yt-establidied  base  ievdl  of  the  advanoed  ^tader.  In.  these  places 
the  sediment  vducfa  the  hillside  drainage  was  carrying  had  in  part  been  deposited  on 
the  ioe  margin,  and  in  some  places  there  were  patdies  of  ioe^  still  unmelted,  in  the 
barren  zone  from  •wbicik  elsewhere  the  evader  had  completely  receded.  All  along  this 
margin  there  was  evidence  that  the  ice  was  rapidly  withdrawing,  with  a  thin  wedgclike 
edge  resting  on  the  older  till  and  gravels.  Not  all  the  barren  zone  abo^•e  the  present 
ice  margin  can  be  ascribed  to  recession  of  the  glacier,  for  some  of  it  doubtless  repre- 
sented the  position  of  lingering  snow  banks,  prevented  from  sliding  down  farther  into 
thevalkgrl^theneiHy-lniposedicebaRier.  But  tins  eoqdanation  ean  aooonnt  for  on|r 
a  few  areas  of  unusually  broad  barren  auies,  for  in  those  areas  which  lie  between  the 
ioe  and  in  shoved  moraine  there  can  be  no  question  but  that  ioe  SKtended  up  to  the 
pushed  area.  Also  in  those  portions  of  the  barren  zone  where  ice  still  remained 
beneath  gravel  deposited  by  marginal  drainage  we  have  positive  proof  that  the  barren 
zone  was  due  to  recent  occupation  by  the  glacier  it.self. 

On  the  north  side  of  the  glacier  the  hillside  drainage,  now  interrupted  in  its  jonmcj 
to  tiie  valley  bottom  by  the  presence  of  the  glacier,  united  with  the  waters  supplied  by 
the  melting  of  the  Racier  and  flowed  along  a  mai^nal  course,  in  places  flowing  under 
the  ^Utcier  for  short  distances,  dse^ere  flowing  at  or  near  the  ioe  margin.  In  one  place 
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the  mtghuJ  stieun  had  cut »  distiiict  lock  gorge  (PL  JSXXPf),  ham  t  to  8  laet  in 
dqyUi,  oontoaring  the  hiBade.  It  ceanot  be  conoeiTed  that  on  this  aleep  mowntam 

slope  a  stream  would  follow  the  contours  for  several  hundred  leet»  imllMll  aome  barrier 
interfered  with  its  flow  down  the  hillside.  Evidently,  therefore,  this  rock  gorge  was  the 
result  of  marginal  drainage.  We  cannot  be  certain  that  tlie  channel  may  not  have 
started  at  some  earlier  stage  in  a  high  level  of  Hidden  Glacier,  though  the  coincidence  of 
position  at  the  exact  margin  of  the  present  stand  of  the  glacier  would  in  that  case  be 
^■ite  lemaifcaUe.  The  dialknnieai  of  the  gorge,  and  indicationa  of  Ha  newnen,  hAve 
led  na  to  befieve  that  H  ia  the  product  of  maiginal  diainage  at  the  p«eaent  ataad  of 
Hidden  Glacier. 

On  the  south  side  of  the  Hidden  Glacier  valley  the  monntam  walls  rise  more  abruptly, 
and  there  is  an  absence  of  gravel  slopyes  such  as  exist  on  the  northern  side.  Only  for 
that  reason  the  marginal  conditions  on  the  south  side  are  quite  different  from  those  on 
the  north.  There  is  also  the  factor  of  difference  in  power  of  sunshine  on  tlie  two  sides 
of  the  valley.  On  the  moderately-sloping  north  side  the  low-lying  sun  strikes  with  power, 
but  OB  the  steeply-rising  sooth  aide  the  sun's  rays  produce  little  direct  effect.  Indeed, 
It  the  moontahi  baae  for  n  otmaideMbfe  pait  of  ^  day  In  aommer  tiiu 
Is  In  diadow.  As  a  result  of  these  different  conditions  on  the  two  sides,  there  was  as 
yet  no  marginal  valley  there,  and  the  ice  extended  with  uniform  slope  right  up  to  the 
mountain  base.  In  fact,  as  late  as  the  middle  of  July,  there  was  a  slope  upward  from 
the  ice  surface  caused  hy  the  snow  banks  which  had  slid  from  the  mountain  side  down 
to  the  glacier,  which  had  not  yet  melted.  By  comparison  of  the  photographs  of  1009 
nfth  thoae  of  the  previous  yeaia  It  became  eiident  that  the  amonnt  of  snow  remaining 
on  tike  moQutain  slopes  just  above  the  ^bder  was  mudi  greater  in  the  latter  year  than  in 
tte  eadior  ymn.  The  advance  of  the  glacier  and  the  rising  of  its  surCaoe  Intioduced 
a  tenqK>raTy  change  in  the  local  climate.  Both  on  the  south  and  the  north  margins 
there  had  as  yet  been  too  little  ablation  to  have  hrouglit  out  in  relief  the  lateral 
moraines  which  will  doubtless  ultimately  develop  again  on  both  sides  of  the  Hidden 
Glacier. 

Ik  vciy  front  of  the  Iffidden  Giaeier  doped  moderately,  abneat  to  the  edge,  w^ 
knr,  dftria-eoveied  loe  oonea  jnat  bade  of  it  on  the  leader  anlaoe,  then  ended  in  a  low 

ice  cliff  from  20  to  SO  feet  in  height.  The  ice  front  projected  farthest  in  the  southern 
half  of  the  valley.  From  the  ice  front  issued  many  small  streams  and  two  good-sized 
ones,  the  larger,  as  in  1905,  issuing  from  the  south  side  verj'  close  to  the  valley  wall. 
The  next  largest  stream  came  out  100  yards  from  the  northern  margin,  and  was  evidently 
canying  not  only  drainage  from  the  ice,  but  also  tiic  marginal  drainage  of  tlie  north  side 
«f  the  gbdervddch  in  its  lower  cooiaeiowed  through  a  tunnel  in  the  lee.  Fiedilmdting 
hy  AwnpiBg  of  the  ice  surface  near  where  this  north  stream  emerged,  showed  deariy 
ttat  its  drainage  wna  In  prooess  of  development,  and  the  extension  of  thb  slumped  area 
towards  the  northern  margin  of  the  glacier  is  proof  of  the  direction  from  which  the  supply 
for  this  stream  was  derived.  Both  the  south  and  north  streams  flowed  out  upon  the  gravel 
plain  in  front  of  the  glacier,  and  tlicnce  down  to  the  sea;  but  between  these  two  streams 
there  was  a  much  smaller  stream  with  water  derived  from  a  number  of  small  streams 
iaauiog  from  the  steep  ice  front,  at  first  flowing  in  a  shallow  valley  parallel  to  the  ice 
front,  the  streams  from  the  two  ends  of  the  vaUey  finally  uniting  in  about  the  center 
of  ihe  glacier  and  going  to  the  aea  as  one  tomoL 
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The  southern  p<ntioii  of  this  frontal  vaJky  was  an  inoomj^ete  foese,  pTcsamabfy  of  tiie- 
Mine  origiii  as  that  developed  in  1905  when  tlie  ^bder  front  stood  much  farther  iq»« 
the  valley,  ^e  inner  bomidar}'  of  the  lone  was  the  visible  glacier  front,  the  outer  mar- 
gin a  sloping  gravel  terrace  w  ith  a  low,  undulating  sloi)c  toward  the  fosse  and  a  grad- 
ual descent  of  its  surface  toward  Seal  Bay.  Tlie  ajjex  of  the  terraf'e  was  toward  the 
large  south  stream  and  was  evidently  an  alluvial  fan  of  that  stream,  probably  built  in 
the  spring.  Between  the  southern  edge  of  the  fosse  and  the  glacier  there  was  a  low 
motaanie  mass  which  was  slumping  nfidij,  TULs  extended  northward  along  almost. 
Hie  entire  Racier  front,  but  grew  lower  and  had  lees  pronounced  foiu  towaid  the  noetli. 
lluoui^out  its  entire  length  this  hummocky  area  had  ioe  beneath  it,  and  tiie  hnmmoHni 
rose  from  5  to  2.)  feet. 

The  alluvial  fan  terrace  just  described  had  numerous  small,  dry  kettles,  and  just  in 
front  of  the  ice,  and  for  some  distance  northward  there  were  also  kettles,  some  contain- 
ing water.  Ice  was  revealed  in  the  southern  side  of  the  pitted  alluvial  fan  where  it  was 
cut  into  by  a  swing  of  the  huge  glacier  stream.  11iatitwBsana]lavialfui,bmltoiiliie- 
outer  edge  of  the  ^ad«r  dunng  the  poiod  of  qnang  melting  was  im 

of  numeroui  channelways  upon  it,  pointing  toward  the  apex  of  the  fsn  and,  therefore,, 
toward  the  south  glacier  stream  which  built  it.  From  the  conditions  on  and  in  this  fan 
we  find  conii)Icle  verification  of  the  explanation  previously  given  of  the  pitteti  outwash 
gravel  plain  which  existed  farther  up  the  valley  in  1005.  In  that  year  the  process  of 
burial  of  the  glacier  torminus  was  not  so  clearly  demonstrable  as  in  1909,  but  of  the  1909' 
condition  there  can  be  no  doubt  as  to  the  cause.  The  steep  sk^  of  the  alhivial  fan  toward 
the  north  and  west,  and  the  presence  of  numerous  channelways  estsnding  in  the  same- 
direction,  both  pointed  deariy  to  the  source  of  the  gravel-bearing  water;  and  the  discoveiy 
of  ice  heneatli  tlie  pitted  gravels  verified  l)y  observation  the  inference  previously  drawn- 
froui  the  presence  of  the  kettles,  that  they  were  tlic  result  of  subsidence  through  melting 
out  of  buried  ice.  In  the  1909  condition  the  aggradation  by  which  the  ice  front  was  buried 
beneath  the  gravels  was  far  less  extensive  than  in  1905,  and  the  area  occupied  was  much 
smaller,  thoo^  otherwise  Ibe  phenomffia  were  essentially  the  seme. 

Ahhou^  not  tidd  in  1909,  the  Hidden  Gladsrdlsdiaiged  See  into  BusseUFior^  Sev- 
eral scores  of  these  icebergs  were  afloat  in  Seal  Bay  in  July,  1909,  some  of  them  three  or 
four  feet  in  diameter.  Tli^  bed  floated  down  the  largest  ghKaal  stream  from  the  glacier 
front. 

A  comparison  of  maps  and  photographs  of  the  coast  of  Seal  Bay  in  1905  and  1909  shows 
that  the  northern  side  of  the  outwash  plain,  which  projected  most  in  1905,  had  grown 
almost  none  in  oonneolion  with  tills  two  nule  advance  of  the  glacier,  while  tbe  sootfa 
wUdi  projeeled  most  in  1909,  had  grown  forwmrd  900  or  1000  feet  since  1909.  tfcr 

southern  side  is  the  side  where  the  largest  glacial  stream  entered  1^  bay  between  1901 

and  1909.  There  are  two  photographs  sho^iang  this  coast  from  exactly  the  same  site 
in  1905  and  1909,  and  exhibiting  tliis  delta  advance  graphically,  though  unfortunately 
they  cannot  be  compared  exactly  because  we  do  not  know  the  stages  of  tide  at  which 
they  were  taken. 

Int»prdationqfasAioane9.  Tbeconditioncf  Hidden  Glacier  in  1909,  as  contrasted 
with  its  condition  in  1906,  proves  a  vety  great  advance  and  breaking  of  the  glacier  during 

the  interval  of  three  years.  In  view  of  the  resemblance  of  the  phenomena  of  tlic  Hidden 
Glacier  to  those  obsnved  in  other  glaciers  of  the  rsgkm  and  of  the  brief  interval  of  time 
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nvohred,  there  can  be  no  doubt  but  tiut  tbia  advanee  also  was  ipaanwdie  and  inevety 

important  respect  similar  in dncacter  to  the  advanced tiie  other  g|acin8»  the  one  notahlo 
difference  beiqg  tho  much  greater  advance  of  the  front;  for  in  this  respect  Wt^^fn  Glacier 
stands  unique  among  all  the  arh  anoing  glaciers.  \NTiile  in  all  caso.<?  there  was  some  ad- 
vance of  the  front,  and  in  the  llaenke  Glacier  a  notable  forward  mo\ement,  there  was 
nothing  to  compare  with  the  remarkable  change  in  position  of  the  Hidden  Glacier  front. 
DoidytlflMooiild  the  phenomenon  cf  adranoe  have  been  observed  it  would  have  presented 
«iily  a  dnpBeation  of  tlitt  lane  fBatnvas  Aawa  by  tho  oHier  giaoiaHl;  but  it  would  hKft 
ben  most  interesting  to  have  obaerv«d  ham  lapidly  the  front  of  the  glader  aetoalljr 
moved  forward,  and  also  to  have  seen  what  response  to  tho  thrust  tho  ice  buried  beneaUi 
the  outwash  gravel  plain  made.  UjHm  these  questions,  however,  lie  cannot  now  hope  to 
have  evidence. 

As  to  the  exact  time  of  the  advance  of  the  glacier  we  are  also  unable  to  make  positive 
statement  It  is  known  to  ham  come  between  July  10,  1900,  and  July  6,  1909. 
Til—  ffff  wufMYff^ftffm  ht^Hf^^timf  Hiflf  tbfi  adranco  femo  nMitir  tho  neiKwi  pciiod  than  Ae 
hter,  and  it  may  even  heve  come  later  in  the  season  of  1908  than  the  period  of  our  visit. 
We  cannot  conceive  that  it  occurred  later  than  the  summer  of  1907,  for  after  the  advance 
and  breaking  were  completed,  and  before  1900,  there  had  been  enough  ablation  to  reduce 
the  crevassed,  broken  surface  of  the  advancing  glacier  to  a  passable  condition.  The  full 
season  of  1908,  and  the  first  month  or  two  of  1909,  certainly  represent  none  too  much 
time  for  as  much  healing  of  the  surface  by  ablation  as  has  taken  place.  The  surface 
was  loa^mr  in  1900  than  that  of  the  Variegated  Glacier,  whose  breaking  had  been  so 
nearly  completed  In  tlie  summer  of  1006  as  to  give  ablation  some  play  in  that  season 
fdiile  during  1907  and  1908  ablation  doubtless  dominated  in  the  Validated  Glacier. 
In  \new  of  the  greater  roughness  of  the  surface  of  Hidden  Glacier  we  are,  therefore,  in- 
clined to  place  its  period  of  advance  after  the  close  of  the  summer  season  of  1006  and  veiy 
probably  before  the  period  of  melting  in  1907  had  proceeded  very  far. 

In  addition  to  the  healing  of  the  surface  by  ablation,  the  marginal  conditions  along  tiie 
■orfliwn  ride  ef  the  Racier  arc  auggeative  of  tihe  lapae  of  n  period  of  at  least  one  or  two 
yean  rinee  the  mMmunn  advance,  lliis  evidence  la  pavllsr  the  notable  shrinking  of 
the  ice  from  its  most  advanced  position  on  the  northern  slopes,  and  partly  the  rock  gorge 
occupied  by  the  maricrinal  channel,  The  bushes  killed  by  the  advance  were  so  brittle  in 
1909  tliat  limbs  snapped  readily,  suggesting  that  they  had  been  overturned  as  early  as 
1906  or  1907.  The  condition  of  the  glacier  front  wa.s  also  indicative  of  the  lapse  of  at 
least  one  full  season  since  the  advance,  for,  in  order  to  develop  the  cliffed  front  of  the 
glader  and  the  fosse,  and  in  order  to  lower  the  frontal  slopes  sufficiently  for  the  deposit 
ef  the  aHnvial  fan  described  above,  would  seem  to  demand  at  least  one  connJete  season 
of  ablation.  Altogether,  therefore,  although  we  cannot  state  with  definite  exactness 
the  time  at  which  the  Hidden  Glacier  advanced,  we  believe  that  the  evidence  from  abla- 
tion and  from  frontal  and  marginal  conditions  demands  that  this  period  should  be  at 
least  before  tlie  beginning  of  the  summer  of  1908,  and  later  than  the  autumn  of  1906, — 
that  is,  some  time  in  1907.  That  the  advance  was  rapid  and  soon  ended  is  proved  by  the 
great  dbange  in  porition  and  oondition,lbr  a  very  Urge  part  of  the  three  years  available  la 
Mfoired  for  the  observed  healing  by  ablation.  other  words,  the  evidence  from  Hidden 
Glacier,  though  in  some  respects  lacking  definiteness,  is  comidetely  in  harmony  with  that 
fiiBushed  by  the  other  advudng  gladen,  about  wiiicfa  we  have  UM 


L 


Digitized  by  Google 


ALASKAN  GLACIER  STUDIES 


Tbe  iste  of  advaaoe  caimot  be  detormined  e 

tation  can  be  made.  If  it  had  taken  the  entire  period  of  a  little  leM  than  three  yean,  from 
July  10,  1906,  to  July  6,  1900,  for  the  ice  front  to  advance  the  two  miles,  the  rate  of  for- 
ward movement  of  the  ice  front,  ignoring  wasting  by  melting,  would  have  been  nine 
and  seven-tenths  feet  a  day,  or  faster  than  Muir  Ghu  ier  was  moving  in  1800  when  its 
seven  feet  of  daily  movement  were  compensated  for  b^'  iceberg  discharge  from  tlie  front, 
llie  two  mik  ftdvaace  of  ffidden  Glidw,  however,  we  lo^ 

yeut»  bat  probably  in  less  than  one  year  and,  judging  by  the  known  advance  of  Varie- 
gated, Harake,  Atreyida,  and  Idarvine  Glaciers,  during  a  yery  hiw  months.  Its  rate  of 
forward  motion  must  have  been  several  times  the  nine  and  seven-toiths  rate,  and  may 

even  have  attained  a  rate  of  30  to  50  feet  a  day.  Although  we  cannot  give  the  rate  of 
advance  exac  tly,  it  is  easy  to  see  that  tlie  advance  of  Hidden  Glacier  was  far  different 
from  normal  glacier  movements  and  may  be  spoken  of  as  a  spasmodic  rush,  or  flood. 

In  GonneetioB  with  the  recent  advance  of  Hidden  Glacier  it  is  of  inteieat  to  nole  that 
oneof  itsthroof^l^acicroonnectioBaontheAlBAniayafaohavefinm 
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Fm.        FBOiiuB  or  Hzdosn  Glacxxb  and  Skal  Bat.  VxaTxcAL  akd  Hobbomial  Scalbb  thx  Saxx. 


in  1900.  The  Boundary  Survey  party  iHikh  aacended  the  Alack  in  1006  reported  no 
activityof  any  Racier  on  the  west  side  cl  the  river  that  year.  About  the  fixat  of  Angua^ 
1000,  however,  as  we  learned  from  the  Dry  Bay  natives,  the  Alsek  river  rose  16  or  18  feet 

on  its  delta,  maintaining  that  level  for  at  least  two  weeks.  The  waters  carried  icebergs, 
which  was  unusual,  and  big  tree  trunks,  and  forced  the  natives  to  move  from  their  village. 
This  rise  is  interpreted  as  meaning  the  crevassing  of  some  glacier  up  the  river,  and  hence 
greater  melting.  The  glacier  is  thought  to  be  one  above  the  lower  Alsek  canyon,  bdow 
which  no  large  trees  grow,  and  may  wdl  be  the  large  ice  tongue  on  the  west  bank,  not 
above  the  lower  Aladc  Canyon,  THdch  connects  with  the  Yakutat,  Hidden,  and  Nonatak 
Glacier  systems.  Since  equilibrium  is  disturbed  in  this  glacier  system,  as  evidenced  by 
the  two  mile  advance  of  Hidden  Glacier,  it  is  quite  likely  that  an  advance  has  also  oc- 
curred on  the  Alsek,  and  tluit  other  advances  may  affec  t  the  other  glaciers  of  Alsek  \  alley, 
the  Yakutat  Glacier  and  the  smaller  ice  tongues  within  the  next  year  or  two,  as  it  did 
Kunatak  Ghicier  in  1010. 

Canixiiom  m  1910,  The  junior  author  fonnd  in  June,  1010,  no  particular  diangea  in 
Hidden  Glacier  since  the  year  befttce  en!q>t  the  continuation  of  retreat  and  thinning  by 
ablation.    The  drainage  had  not  altered  significantly. 

Detailed  studies  of  Seal  Bay,  the  submerged  continuation  of  the  Hidden  Glacier  valley. 
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as  revealed  by  soundings,  are  considered  in  Chapter  XI.  Careful  observatioofl  thovod 
that  the  delta  advanced  1600  feet  between  1899  and  1910,  and,  as  stated  on  an  earlier 
page,  900  or  1000  feet  of  this  advance  came  between  1905  and  1909,  the  increased  rate  in 
delta  growth  during  the  later  period  doubtlesii  being  due  to  the  large  amount  of  alluvial 
material  supplied  during  the  two  mile  advanoe.  Thh  mgSd  nle  ill  gMnrtli*  t4S  to  225 
feet«y«ar,isi«nuilcable^for  tliemiiclilaigvlffiiniappi  delta  advanoeBoo^ 
year,  tfie  Danube  800  to  400 feet,  and  the  Tigria-Euphrates  seventy  feet  annually,  though 
fmall  glacier  streams  are  normally  much  more  hea\41y  loaded  with  sediment  than  the 
rivers  mentioned.  Seal  I^ay  is  180  to  GOO  feet  deep.  Thi.s  j)Hrt  of  Russell  Fiord  shoreline 
was  probably  not  uplifted  during  the  1899  earthquakes,  so  the  1000  foot  advance  cannot 
be  ascribed  to  a  change  of  level  of  the  land.  The  1600  foot  advance  of  the  Hidden  Glacier 
delta  is  shown  in  a  spectacular  way  in  Plate  LXXXH,  where  the  upper  photograph 
dMm  the  Haniman  Expedition  venel,  the  660^  IF.£I(lM',aiidioiediiiJune,1890,at« 
point  diowa  to  be  diy  land  in  the  loim  photograph  taken  in  1010. 

Bfeessian  1910  io  191S.  In  September,  1013,  the  junior  author  made  more  detailed 
observations  of  Hidden  Glacier  than  on  any  other  Yakutat  Bay  glacier  visit e^l  by  the 
International  Geological  Congress.  The  recession  of  the  front  of  the  glacier  hy  melt- 
ing was  estimated  to  l)e  100  to  500  feet.  The  imperfect  fosse  which  existed  in  1909 
and  1910  was  destroy  ed.  The  outwash  plain  in  front  of  the  glacier  was  graded  at  a 
Ivwer  and  flatter  level  than  in  1010,  but  fragments  of  the  ddor  alhiTial  fuis  emsted 
as  isolated  jlattuii4opped  Idlli.  An  abandoned  marginal  gotg»  cut  40  to  00  feet  in  the 
older  gravels  of  the  north  vallQr  wall,  no  longtf  had  a  stream.  There  were  pits  in 
front  of  the  glacier,  showing  by  slumping  that  buried  ice  exi.sted  on  the  site  of  the 
glacier  terminus  of  1909-10.  Icebergs  of  small  size  were  floating  down  tlie  larger  gla- 
cial streams  to  the  sea.  At  the  northern  margin  the  Hidden  Glacier  had  thinned  at; 
least  150  feet  vertically  and  shrunk  several  hundred  yards  from  the  push  moraine  of 
dm  advanoe  of  1007.  The  crevasses  of  the  gjhder  surface  were  largely  subdued  by 
ablation.  Isolated  lateral  ice  remnants  rested  on  the  overridden  gravels. 


Tabi  lar  Statement  of  Known  Chanoe.s  in  Hidden  Glacier 


Year 

Nature  and  amount  qf  change 

Mecorded  by 

Up  to  1801 

Fkobably  retreat 

BusseU 

1801-1805 

Probably  oontinned  retreat 

Boondaiy  Sarv«gr 

1895-1899 

Retreat  about  500  feet 

Gilbert 

189&-190.5 

Retreat  about  1300  feet 

Tarr  and  Martin 

1905-1906 

Continued  slight  retreat 

Tarr 

1906-1909 

Advance  over  10,000  feet;  slight  retreat 

Tarr  and  Martin 

1909-1910 

Slight  retreat 

Merlin 

1010-1018 

Retxeat,  400-000  feet;  tiunning  150  feet 

Martin 
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amimil)t9eriplum,  UiitQ  1009  iro  had  iK>tviattod1]i»glMier,11k^^ 
ea8tciicc»  partly  faom  the  Canadian  BoondaiyC^^ 

the  laige,  milky  glacial  stream  whidl  iasues  from  it  and  enters  the  head  of  Russell  Fioid. 
It  was  photographed  and  roughly  mapped  by  the  Canadian  toi)<)graj)hers  in  1895  and  was 
well  known  to  tlie  pros|>ectors  who  crossed  it  in  1898,  and  in  smaller  numbers  almost 
every  year  since;  but  they  have  left  us  no  description  of  the  conditions  fdiich  they  en- 
countered in  their  journeys  over  its  surface,  except  the  inference  that,  being  passable,  it 
mm  not  greatly  crevaiMd.  Tkey  mnt  over  this  Racier  highway  in  nffifiiwit  minihwa 
in  1808  to  moianft  the  eitaWMhrnent  of  a  itoie  on  the  ahoies  ol  Bnnell  Fioid  Mar  the 
point  where  the  glacial  strean  emerges,  relics  el  iiUeiiaieftill  to  be  seen.  Bhdnveldar 
saw  the  glacier  in  1906  from  a  mountain  spur  some  miles  south,  noting  the  moraines  upon 
its  surface  and  suggesting  a  new  name  (Beaaley  Glacier)  instead  of  tlie  one  generally 
used.  This  name'  has  recently  been  discarded  by  the  U.  S.  Geographic  Board  for  reasons 
stated  in  Chapter  II.  The  glacier  was  mapped  more  accurately  and  photographed  from 
peaki  on  thiee  lidei  by  the  Boufldaxy  Survey  party  hi  dbaige  of  FkeoK^ 
and  Uie  aketi^  map  ef  the  gfaKaer  (Rg.  Iff)  ia  lepioihioe^ 

The  Fourth  Glacier  is  fed  by  at  least  four  short  tributaries,  each  about  2)  to  S  miles 
long,  that  unite  to  form  the  trunk  glacier  (PI.  LXXXVI,  B),  which  has  a  length  of  SJ 
miles,  a  width  of  over  a  mile,  and  terminates  approximately  500  feet  above  sea  level,  three 
or  four  miles  east  of  Russell  Fiord.  The  two  Boundary  Survey  maps  show  it  as  a  through 
glacier  connected  with  the  upper  portions  of  the  Hidden  and  Yakutat  glaciers,  which  in 
tumoonneetivith  ^aciem  descending  to  the  Alsdc  Talkgr.  The  through  glacier  dividee 
between  it  and  Hidden  Ghuaer  rise  8880  and  87ff0  feet  napeetively,  that  to  Yahntat 
Glacier  about  8500  feet.  Over  this  latter  pass  prospectors  state  that  one  could  start 
at  the  terminus  of  the  Fourth  Glacier  and  find  open,  ice-filled  valleys  over  which 
sledging  is  not  difficult,  across  various  divides,  and  down  different  glaciers  into  the 
Alsek  Valley.  Fourth  Glacier  thus  has  complex  relations  with  other  glaciers,  because 
tiiese  coast  mountains  receive  such  heavy  snowfall  that  the  valleys  are  drowned  in  ice, 
f  cnnmg  a  network  of  through  glaciers. 

Obtmaiunu  in  1909.  That  part  of  the  Fourth  GhMser  irfiich  lies  inthui  die  range  ef 
our  observation  is  the  lower  two  or  three  miles,  or  below  where  the  tributaries  from  the 
direction  of  Hidden  Glacier  unite  with  those  from  the  east.  In  the  upper  portion  of  this 
obser\'ed  section  the  glacier  emerges  from  a  broad  valley  enclosed  in  mountains  of  no  great 
height,  which  because  of  the  fact  that  they  face  the  ocean,  and  lie  not  far  from  it,  do  not 
bear  a  heavy  burden  of  snow.  Farther  back  tlie  mountains  rise  higher  and  the  snow 
cover  is  more  extensive.  Hie  outer  portion  of  the  Racier  is  made  by  the  union  of  two 
pairs  of  arms,  and  photographs  Aaw  three  medial  moraines  that  are  formed  by  lateral 
morsines  ham  these  tahutaiies.  Above  the  terminus  of  the  Racier  two  medial  moraines 
swing  over  to  the  eastern  margin  and  become  lateral,  the  one  on  the  east  side  being  light- 
colored  and  that  on  the  left  dar)c-c<^ored.  A  narrower  medial  moraine  maintains  a  posi- 
tion near  the  east  side.' 

» ktUa  of  Award,  Alaskan  Boundary  Tribunal.  Sheet  21. 
■  Bladcwelder.      Joum.  GttA^  Vol.  XV.  1907.  pp.  417-418. 

•  A»adUMoniB»Aawaialk«llo(ndny8uTCf  ph0lofNvbt«isfi«mtot^  ha««  ■» 

ksDiilB^pB  flf  its  fli||ia  idatisBsbips. 
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Posmoxs  or  Nohth  Edge  of  Tidal  Ahm  or  NcTfATAK  Gi^cier  ix  1(K»'>.  IWMJ  and  IWKi 
From  Station  A  (Map  4).   Sec  also  Plate  LXIV. 
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A.    Front  of  Ni-xatak  Gi^riER  ix  1005,  from  the  Top  of  the  Nunatak 


B.   Front  of  Nunatak  Glacier  in  1909,  from  the  Top  of  the  Nl'natak 
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Plate  LXMI 


A.    Ni'NATAK  Glacier  in  1905 
Photograph  from  Station  G  (Map  4). 


B.    NrxATAK  Gu\nr.«  in  1909 
From  same  point  as  upper  view,  sliowing  rw«»sion  in  4  years. 
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PlATK  LXIX 


NUNATAK  GlaCIKR  IN"  1895,   1K99,  AND  UMK»  (ToPOURAPHY  AFTER  GaXXETT) 


Digitized  by  Google 


Plate  LXX 


B.    Ni  NATAK  Glacier  in  1910 
I'hotograjih  from  exactly  the  name  |M)int  as  up|>er  view,  showing  advance  in  less  than  one  year. 


Digitized  by  Google 


Google 


Pl.\te  lAXII 


A.     (  AHrAOINC  Gl^SCIER  FROM  THE  NlNATAK 

Showing  linnKing-vnlIry  onulilioas,  the  <iisra<Uriff  uf  it-t-  fmm  ktl^  tu  Iwlgt'.  and  llic  ivc 
sculpturing  of  the  stooppncti  vallt'y  sIojk-.  down  which  the  water  from  the  melting  ice  runs  in 
n\imi-rniis  cjturses  on  the  fare  of  the  nx-k  (dark  liands)  without  forming  valh'vs.  Photograph 
taken  July  '24.  1905 


B.    Front  or  IIiuden  Glacikr  in  1S09 
Ontwash  plain  in  foreground.    Photograph  hy  (i.  K.  Gilljert. 
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Plate  LXXIV 


A.   Ice  Cwk  nk.ak  SorriiKKs  Eik.f.  ok  IIidokn  (jluieh 
From  wliich  iiiuin  slmiiii  issued  July  io,  1905. 


B.   Glacul  Stke-uj  on  Soctu  Siue  of  Valley  Train  of  Hiuukn  Guacieb  is  190J 
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Plate  LXXV 


A.     TllE  OUTWASH   VlAlS  OK  HiDDEN  GlACIER  IN  1899 

Phutugraph  fruni  Stalion  C  (Map  5),  by  (i.  K.  (iilliert. 


B.    View  I^KiKtsti  Noktii  auincj  the  F<i«,si: 

Hidden  Glatner  on  right;  low  gravcl-veni-tTol  'uf  i  liff  on  l<*ft,  with  several  caves  through  which  «irainage  escApcs. 
The  glacier  is  c<intinuous  arnuw  the  fuKse  to  the  eliiT.  Overridden  gravel  terruces  in  iMickground  at  mountain  base. 
I^ograph  taken  July  ifO,  1905. 
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A.    End  or  Hioden  Gl.\cikr 
From  gravel  lermcf  on  north  aide  of  valley,  June,  1899.    Photograph  by  (J.  K.  Gilbert. 


B.    End  op  IlitiDRN  Glacirr  in  1905 

Note  pronounced  recession,  (ilacier  terminus  Imrcly  shows  on  extreme  left.  Northern  .stn^am  in 
foreground,  lianging  vulley  on  liouth  si<le  of  vulley.  glacier  end  just  to  left  of  fo8.st%  and  gravel  plain  in 
front  on  site  of  glacier  end  in  1809. 


J 


A.    NdiiTii  Em;K  uk  IIii)I>k\  (iu^i  iku  Rkstinc;  on  Olukr  Ice-Eroded  (Iravei^ 
'J'Ik'  push  in  til)-  fon-groiinii  is  fornuil  \t\  a  sln>aiii  fn)iii  the  ivv.    IMuilcigniph  taken  July  io,  1903 


B,     Till.  I'iikmi:ki.^  ■  IIii'I'Kn  JiLmiku  " 
What  we  saw  wli<>n  wc  roundel  ihe  poiot  in  1909. 
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A.    HiDDiiN  Glacikr  IN  1900 
Pbotugraphed  from  Station  A  (Map  5),  before  the  two-mile  advance. 


B.   Surface  of  Hidden  Gi^nF.n  in  IIKW 
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From  the  point  of  junction  of  the  tributaries  down  to  the  glacier  terminus  the  Fourth 
Glacier  has  a  remarkably  smooth  surface  over  which  one  could  travel  with  ease  in  any 
direction.    In  smoothness  it  reminds  us  of  the  Hidden  and  Variegated  Glaciers  in  1905. 


Fio.  14.   Fourth  Glacixb  in  1906,  bt  Canadian  Boundabt  Subvet. 


It  resembles  Hidden  Glacier  also  in  the  general  absence  of  moraine  cover,  but  in  this 
respect  it  is  widely  different  from  the  Variegated  Glacier.  Except  for  the  lateral  moraine 
on  each  margin  of  the  glacier  near  the  terminus,  and  the  small  medial  moraine  near  the 
11 
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east  maigm  and  a  nnaU  am  ol  tenniiial 

from  Mm  that  it  appmn  elear  in  Uie  photoggaphs.  Rraminaif  in  detail  cmt  finds  a 
small  anumnt  of  moraine  material  aoatteied  over  the  •oiiBoe  bat  not  m  qnantitgr  anflwiwit 

to  form  a  continuous  sheet. 

The  large  proportion  of  clear  ice  in  the  Fourth  Glacier,  wliicii  resembles  the  con- 
dition of  the  Hidden,  Nunatak,  Orange,  Hubbard,  and  Turner  Glaciers,  as  contrasted 
to  the  d^ris-oovered  suzfaoes  of  such  glacion  as  the  Butler,  Haenke»  Black,  Galiano, 
Atrevida  and  Luda,  praeenta  an  interesting  praUem.  Why  dMiild  aome  of  the  glacien 
have  the  condition  illustrated  in  the  Eoorth  Glacier  and  others  tiie  condition  found  in 
the  Atrevida?  In  seeking  to  anawer  tiik  question  conclusively  one  would  probably  need 
to  know  more  about  Uie  upper  ice  conditions  in  the  larger  glaciers,  and  whether  the  glaciers 
are  actively  mo\'ing,  like  the  Hubbard,  or  slowly  moving,  hke  the  uncrevassed  Fourth 
Glacier.  It  is  to  be  noted, however,  that  it  is  the  larger  glaciers  that  have  the  least  amount 
of  dAris-cover.  It  is  poenUe  that  the  absenoe  of  dAaa  is  dependent  upon  the  breadth 
of  the  vaUegr,  but  under  normal  ooaditioiii  the  hnadth  of  such  a  vaDey  ahooU  ''■-"■"■^ 
in  the  iqiper  portions  so  that  from  the  tributaiy  sources,  at  least,  sncli  large  quantities 
of  debris  would  be  siqiplied  that  it  would  form  an  ablation  moraine  over  the  wasting 
glacier  end.  The  mere  sifle  of  the  vall^  in  which  the  glacier  ends  does  not,  therefwe, 
seem  a  sufficient  explanation  of  the  absence  of  ablation  moraine  in  a  region  where  so  many 
glaciers  have  such  extensive  morainic  cover.  Only  one  hypothesis  occurs  to  us  which 
satisfactorily  explains  aU  the  conditions,  and  this  is  that  such  glacios  as  the  Fourth, 
Hidden,  and  Orange,  althooi^  Inrge,  receive  their  main  anovr  and  d^lnis  supply,  not  ham 
Hie  uiion  of  numerous  small  tributaries  depending  throu^  narrow  mountain  vaUciffc 
but  from  snowfidl  upon  broad  ice  divides  and  the  avalanching  of  snow  and  rode  on.  the 
mountain  sides  which  enclose  these  through  glaciers,  vnth,  of  course,  the  addition  of  some 
small,  short,  relatively  ineffective  tributaries  of  tlie  cascading  type.  By  this  explanation 
it  would  seem  impossible  for  debris  to  extend  in  large  quantities  far  enough  out  over  the 
ice  to  furnish  the  material  icf  a  continuous  cover  of  ablation  moraine,  while  in  such  nanow 
valley  glacien  as  the  Atievida,  d Aiis  would  find  its  way  out  even  to  the  center  uf  tiie 
l^bMder.  Tlie  absenoe  of  d Aria-cover  on  sudi  active,  clMP-ioe  i^bders  aa  tihe  Hubbaid, 
to  which  many  narrow  valley  glacier  tributaries  doubtless  eontiibute  ice,  may  be  due  to 
the  failure  of  ablation  to  lower  the  broken  surface  far  enoU|^  to  OOOoentcate  the  ditfblis 
by  the  time  the  iceberg-discharging  sea  cliff  is  reached.  ^ 

Three  facts  indicate  tliat  tlie  Fourth  Glacier  is  not  now  in  a  ver>'  active  stage.  These 
are,  first,  its  smoothness,  second  the  fact  that  its  front  does  not  extend  to  the  mouth  of 
the  mountain  valley,  and  third,  the  evidence  that  it  is  now  rapidly  receding.  Its  front 
Kea  well  within  the  month  of  the  mountain  valley,  and  there  is,  therefore,  no  opportunity 
for  its  expansion  to  fomi  a  piedmont  ire  bulb.  In  this  respect  Fourth  Glacier  differs  j 
widely  from  the  Atrevida,  Lucia,  and  Marvine  and  other  tributaries  of  the  Malaapina 
Glacier. 

Prom  the  front  of  the  Fourth  (ilacier  two  small  streams  emerge,  one  from  either  side. 
These  flow  along  the  front  and  join  a  large  stream  which  issues  near  the  center.  This 
medial  stream  course  is  determined  by  a  depression  betwem  the  steeply-sloping  allnvial 
finis  wliidi  were  constructed  during  a  recent  stage  whm  the  marginal  drainage  pursued 
a  course  down  each  side  of  the  valley.  In  the  depression  Beasley  Creek  is  building  a 
small  alluvial  fan.  It  then  flows  along  the  east  aide  of  the  mountain  vaUcy  to  the  mouth 
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and  turns  westward,  finally  entering  the  head  of  Husseli  Fiord.  A  similar  series  of 
ittwrn  duMinels,  now  abundoned,  show  where  an  outlet  formerly  wont  down  the  irett 
iide  ol  tiie  Talky»  and  behran  that  ooone  and  Bea^^ 

dimeted  outwash  gravdi,  diiBg  to  oonrfdMaUe  Iwight  on  the  end  neaictt  Ibe  glacier 

front  (PLLXXXVni). 

The  clear  ice  of  the  glacier  projects  farthest  in  the  center  of  the  valley,  at  the  point 
where  the  stream  passes  down  the  depression  between  the  bordering  alluvial  fans.  On 
the  veiy  outermost  portion  of  this  point  is  some  d^ris,  staining  the  surface  and  forming 
dAria  eonea  and  lidgst.  Beyond  this,  in  fitont  ol  the  apparent  «nd  of  tke  leader,  ia  a 
bolder  olhiinmioel7.  dAtl»«ovmd  ioe  (n. 

nmter  standa.  Kettiaa,  locent  cracks,  and  pools  of  cold  water  ahov  tiiat  the  bniiad  ke 

oAends  between  seven  and  ei|^t  hundred  feet  in  front  of  the  centre  of  the  appawft 
end  of  the  glacier.  The  d6bris-covering  of  this  outlying  portion  of  the  glacier  is  in  large 
part  gravel,  laid  down  by  deposit  from  the  glacial  streams.  Debris-covered  ice  also 
projects  beyond  the  front  on  both  the  margins  of  tlie  glacier,  where  the  lateral  moraines 
f^vaaeoveringwhidihasdieckedreoeaiion.  It  is  poasiUe  that  ice  also  exists  beneath 
the  aflnvial  fans  on  the  two  maijgina  of  the  yaOey,  but  no  evidence  of  this  was  dia* 
eovered. 

The  d^ris-coveied  marginal  and  frontal  portions  just  described  form  a  part  of  the 
evidence  of  recent  notable  recession.  AV)sence  of  vegetation  both  on  the  mountain  side 
above  the  glacier  and  in  the  flat  in  front  of  it,  give  further  e\  idence  of  prolonged  recession. 
The  barren  sone  above  the  ice  extends  to  a  height  of  from  50  to  100  feet.  Above  this  ate 
lound  alder  thickets,  and  on  the  west  ode  at  a  still  greater  elevation,  above  300  feet, 
&ne&^inioegNfwth.  This  qproeebnialan  and  it  theralonajnpein  that,  aKhoa^ 
^ader  is  now  receding  and  has  been  doing  so  for  some  time,  it  has  not  eaqwndedm 
100  feet  above  its  present  level  for  many  years.  At  a  diatance  of  someUiiog  more  than  a 
qpart^  of  a  mile  from  the  glacier  front,  alder  five  or  ten  years  old  is  growin^^  and  OOttMl* 
wood  and  spruce  trees  have  advanced  to  within  half  a  mile  of  the  ice  front. 

These  facts  prove  that  the  Fourtli  Glacier  has  been  slowly  receding  for  a  considerable 
time,  and  that  it  has  not  been  so  greatly  oqMuided  as  to  reach  beyond  its  mountain  vall^ 
lor  many  yean,  probably  for  more  than  a  half -oentmy.  That  it  was,  at  some  earlier 
Stagey  fur  more  eiteuiive  than  now,  ia  made  evident  by  the  steepness  of  its  valley  walla 
and  the  presence  of  eroded  spurs  and  numepoaa  hanging  vall^  with  lips  from  500  to  1500 
feet  above  the  valley  })<)ttom'<.  Tlie  steepened  slope  and  hnnping  valleys  extend  down 
beyond  the  end  of  the  glacier  even  to  the  valley  mouth.  We  may,  therefore,  safely  infer 
that  during  an  earlier  stage,  probably  when  Russell  Fiord  Glacier  extended  out  on  the 
foreland,  and  Yakutat  Bay  Glacier  to  the  sea,  the  Fourth  Glacier  reached  well  out  beyond 
Hi  moontain  TaOey  and  eipanded  in  a  piedmont  ioe  bulb  which  peKfaaps  coalesced  willi 
the  Russell  Plord  Glacier.  One  piece  of  evidence  bearing  upon  this  question  of  focmer 
OKlension  of  Fourth  Glacier,  is  the  fact  that  while  the  Racier  is  not  now  bringing  crystal- 
line  rocks,  but  only  sedimcntaries  from  the  Yakutat  group,  the  gravels  and  bowlders  in 
the  stream  bed  beyond  the  mountain  front  include  many  cr>'stalline  rocks.  The  inference 
from  this  fact  is  that  during  the  earlier  expanded  stage  of  the  Fourth  Glacier  it  received 
!  ice  supply  from  a  more  distant  source  than  now,  in  a  region  where  crystalline  rocks  form 
the  mountain  waDa.  TUsflomoe  may  have  been  at  least  aa  far  beek  as  the  upper  readiea 
of  the  BSdden  Glaeier.  la  aU  probability  during  this  stage,  the  diieetiim  of  ioe  flow  in 
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thu  ajitan  ol  tfarou^  ▼aUcgn  was  diffei«Dt  from  tiie  pment,  and  it  is  ponible  that  the 
bieadth  and  flatneSB  of  the  high  di\ades  of  the  present  day  are  in  large  part  the  resnlt  of 

the  flow  of  ice  across  the  divides  from  which  tlie  glaciers  now  descend  in  two  directions. 

Although  we  had  not  visited  the  Fourth  Glacier  l>efore  1909,  we  are  convinced  from  its 
present  condition  that  it  lias  not  yet  been  subjected  to  a  forward  thrust  as  a  result  of  the 
influence  of  the  1899  earthquakes.  Had  it  been,  its  surface  would  have  necessarily  re- 
tained aome  evidenee  ol  the  fonner  bnaldng,  for  it  is  inemiceivaMe  that  aUation  ooold 
have  so  reduced  the  irregularities  as  to  have  made  such  a  smooth  surf aoe  as  the  present. 
Four  years  of  ablation  on  Variegated  Glacier  have  made  it  possible  to  again  travel  over 
the  surface,  but  has  still  left  the  surface  so  rough  that  one  must  use  care  in  such  travel- 
ing. Granting  even  six  or  seven  years  of  ablation,  which  is  the  maximum  which  could 
possibly  be  inferred,  a  badly-broken  ice  surface  could  not  be  reduced  to  such  smoothness 
as  w^as  observed  on  the  FourUi  Glacier.    Further  proof  that  this  glacier  has  not  been 

subjected  to  a  iposmodie 
advanoeof  conndeiable  pio- 
portions  is  found  in  the  fact 
that  the  glacier  front  and 
margins  arc  fringed  by  ex- 
tensive areas  from  which  the 
glacier  has  receded.  With 
recent  advanoe  under  eoiHi- 
quake  in^Mdse  evidenee  of 
the  reverse  condition  should 
bepresent  (P1.LXXX\"III). 
We  feel  confident,  therefore, 
that  Fourtli  Glacier  has  not 
yet  responded  to  the  in- 
flneooe  of  the  earthqualBe 
shodks.  It  was  not  Tinted 

Ao-ie.  anrasMtfovfloamOucnB  mlMt.  in  1  WO  but  its  stream  delU 

seemed  unchanged  at  that 

time.  Prospectors  used  it  as  a  highway  in  1898  and  1899  and  in  several  years  since, 
and  we  have  heard  no  report  of  its  being  crevassed  and  impassable  during  the  la*»t  ten 
years  from  these  men,  some  of  whose  sledges  and  snowshoes  we  found  on  the  glacier 
surface  in  1000. 

It  is  posrible  that  tiie  Fourth  Ghder  may  new  advance  under  the  earthquake  im- 
pulse* provided  its  supply  ground  did  not  receive  extensive  avalandies  in  1800,  but  about 
this  we  cannot  be  certain.  However,  from  such  indications  as  we  have  concerning  the 
conditions  under  which  Fourth  Ghacier  is  supplied,  wo  infer  tliat  it  will  ultimately  respond 
to  the  impulse.  It  is,  therefore,  one  of  the  glaciers  which  should  be  examined  in  future 
expeditions  to  the  Yakutat  Bay  region.  Two  photographic  stations  were  established 
inlOOO,ftomidbidbfotureobeervatioasmay  bemade»aiidasicetdim^of  theioefeoBi 
and  its  suiroundingi  was  made  (Fig.  10).  11iis»  however,  ahouU  be  undeistood  to  bo 
merely  a  record  of  general  ftwms,  the  contours  not  being  determined  caiefoUy,  and  all 
being  located  with  mspect  to  a  single  aneroid  detennination  of  altitude^ 
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Besides  the  glaciers  described  iu  the  preceding  chapters  there  are  a  large  number  of 
■iaorgiMien  in  tbe  YafalUt  Bay  legion,  many  of  idikfa  have 
Some  «l  the  luger  of  these  wen  named  and  bae4y  described  in  the  leports  on  our  IINNI 
and  1906  expeditions.'  It  does  not  seem  important  to  repeat  these  descriptions  heie» 
though  these  glaciers  present  many  interesting  features,  in  detail,  one  of  the  most  note- 
worthy being  the  broad  extension  of  sheets  of  ablation  moraine  over  their  lower  surfaces. 
Many  of  them  resemble  the  Galiano  and  Atrcvida  Glaciers  in  this  respect,  though  they 
lack  expanded  piedmont  bulbs,  since  they  no  longer  extend  beyond  the  mountain  front. 
S«ae,  however,  reach  far  down  the  mountain  valleys,  and  one  or  two  almost  to  the  vall^ 
■oaUw  ending  in  km,  undnlatin&  mocaine-eovered  surfaces,  Ikinged  bgr  banen  areas 
mdicatw^p  of  recent  receanon. 

In  1909,  1910,  and  191S  we  made  no  additional  observations  upcm  these  glacicct 
exoqit  to  look  at  some  of  them  from  a  distance.  From  this  second  view,  and  from  a 
reconsideration  of  obser\'ations  and  photographs  made  in  1905,  and  in  the  light  of  the  ' 
remarkable  changes  in  some  of  the  other  glaciers  observed  in  1906  and  1909,  we  have 
concluded  that  there  is  reason  for  believing  that  some  of  these  smaller  glaciers  had 
been  snbjeeted  to  advance  and  biealdng  between  1889  and  190ff  as  a  result  of  earth- 
qgafce  A^i^g  Indications  of  this  are  best  seen  in  the  three  Naders  on  the  west  side 
of  upper  Russell  Fiord,  namely  McCarty,  Hendrickson  and  Rasmussen  Glaciers.  In 
1905  the  lower  portions  of  the  last  two  of  these  glaciers  were  completely  covered,  from 
side  to  side,  vnth  ablation  moraine,  having  a  very  rough,  hunimocky  surface. 
The  McCarty  Glacier  wa^  moderately  crevassed  but  clean  in  its  upi)er  and  middle 
portions  (Fl.  LXXXIX,  B).  Not  Uieu  knowing  the  signs  of  recent  advance,  which  we 
hsfe  since  feanied  to  inteipiet,  we  did  not  see*  in  tiie  conditions  of  these  {^adeis,  pi^ 
reeent  advance  and  breaking*  It  is  to  be  noted  also  that  we  would  not  have  detected 
evidence  of  this  even  in  the  Galiano  Glacier  were  it  not  for  the  fact  that  we  had  for  com- 
parison Russell's  photographs  and  descriptions  of  the  condition  in  1891. 

Re-examining  the  photographs  of  the  small  glnriors  mentioned,  we  find  the  ablation 
moraine  surface  to  be  rough  and  angular,  as  if  recently  broken.  It  is  noted  also  that 
there  is  complete  absence  of  vegetation  upon  these  moraine  surfaces.  This  fact  is  per- 
hsips  the  beat  evidence  of  recant  advance,  for  the  motaine  is,  in  places,  thick  enough 
to  tmppoii  n  growth  of  vegetation,  and  there  is  abundant  alder  growth  <»  the  hillsides 
above  the  ^bders.  Its  absence,  therefore,  doea  not  seem  possible  of  explanation  either 
en  the  theorv'-  of  failure  of  vegetation  to  advance  or  on  the  theory  of  prevention  of  growth 
through  undermining  and  slumping.  From  distant  views  of  these  glaciers  in  1909»  we 
con\'inced  ourselves  that  the  ablation  moraine  was  less  rough  than  in  1905. 

From  this  reconsideration  of  the  evidence,  in  the  light  of  subsequent  discovery  of  the 
nature  of  phenomena  to  be  expected  as  a  result  of  a  spasmodic  ^advance  of  glaciers,  we 
are  ineiined  to  believe  that  GaKano  Glacier  was  not  the  only  anudl  glacier  in  this  regimi 
to  respond  to  the  eaTthquakr  impulse  poor  to  IMS.  How  many  gladers  dkl  advance 
in  that  interval  will  probably  never  be  known,  but  it  seems  probable  that  many  of 
the  ahorter  gladers  were  subjected  to  an  advance  and  breaking  within  a  few  years  alter  . 

•  Tarr,  B.  S.  and  Murtkl,  lAnrcace,  Glaciers  and  Glaciat'mn  of  Yakutat  Bay.  Alaska,  Bull.  Aroer.  Geog. 
5^  .  Vol  XXXVIIl.  1906.  pp.  1.51.  iM;  Tarr.  R.  S„  The  YakuUt  Bay  EegMO.  Aluka.  Mmiaml 
taper  64.  L.  S.  Geol.  Survey.  lUOd.  pp.  6^-68. 
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IheearUiquafceBifaook  down  avalandiM  into  thfliri^^  Among  othenwe  eapedal^ 
nupect  that  thm  was  an  advance  off  BloHom  Idaiid  Glacier  wiioee  outer,  mondne- 
covered  soiiace  was  very  rough  in  1906  and  whose  front  extended  far  beyond  the  iiMMlll> 
tidn  vall^,  and  of  Ilcndricksoik  Gkder  whidi  had  morain»ciwrered  ice  resting  upon 
overridden  gravels  in  1905,  tlie  moraine  being  entirely  free  from  TQgetation.  McCartj 
and  Basmussen  Glaciers  may  also  have  advanced  before  1905. 

Faiudt  Glacibb 

One  of  the  most  spectacular  events  in  the  recent  glacial  history  of  the  Yakutat  Bay 
region  tihe  downfall  of  ono  of  llifee  onall  glaciers  perched  in  steeply -sloping  valleyi 
on  the  weat  aide  of  DwenehMitmeiit  Bay,  These  three  ^aden  were  ao  steeply  pordied 
In  tiwir  hanging  valleys  as  to  attract  our  attention,  and  we  woe  led  to  photograph  than 
from  the  fiord  on  the  M  of  July,  1905,  as  had  been  done  in  1890  by  Russell,  in  1895 
by  the  boundary  sur^'eyors,  and  in  1899  by  Gilbert.  It  happened  that  tliis  day,  July  3, 
1905,  was  the  last  day  in  the  existence  of  one  of  these  glaciers,  tlie  southerniost,  which 
we  now  call  Fallen  Glacier.  This  glacier  is  estimated  to  have  had  a  length  of  approxi- 
matdly  a  mile,  and  was  supplied  diiefly  i^oai  a  ateep  mountdn  crest  down  which  the 
anofirdidintoaq)oooHdiapedcirqueaboat  lialfvnQr  down  the  alq»e.  From  Una  anqihi* 
tiieatre  the  ice  ptotfiided  as  a  crevassed,  cascading  tongue,  the  fewer  end  lying  at  an  ele- 
vation of  about  1000  feet  above  the  fiord,  and  separated  from  it  by  an  lee-eteBpened 
rock  slope.  On  the  4  th  of  July,  the  day  after  we  photographed  the  glacier,  the  entire 
glacier  mass  slid  out  of  its  valley  and  a  large  part  of  it  tumbled  into  the  fiord.  The 
fall  of  so  mucli  ice  into  the  water  started  a  water  wave  which  rose  to  a  height  of  110 
feet  on  the  shore  just  south  of  the  glacier,  breaking  off  alder  bushes  at  that  devation. 
Three  miles  to  the  north,  near  Turner  Glacier,  the  water  wave  killed  vegetation  at  an 
elevation  of  55  feet,  and  a  wten  swept  across  the  north  end  of  Haenke  Island  at  an  do- 
vadon  of  M  or  60  feet.  At  that  ix>int  in  one  place  where  it  was  locally  ooncentrated. 
the  wave  washed  out  good-sized  alders  at  an  elevation  of  1 15  feet. 

In  addition  to  the  breaking  off  and  uprooting  of  alder  bushes,  the  wave  caused  much 
erosion  wlierever  it  came  into  contact  with  unconsolidated  deposits,  cutting  small 
cliffs  and  guUies  in  the  till  and  alluvial  fans.  The  annual  plants  were  killed  up  to  the 
elevation  which  the  water  wave  readied,  and  in  succeeding  days  it  was  possible  to  trace 
the  level  to  which  the  wave  rose  by  the  xone  of  parched  brown  grass  and  other  vegeta- 
tion killed  fay  the  bath  In  salt  water.  Small  icebergs  were  left  stranded  far  above  high 
tide  hi  eeveral  places,  a  number  being  found  on  the  site  where  our  camp  hhd  stood  on  the 
day  before  tlie  fall  of  the  glacier.  We  had  fortunately  moved  our  cam.p  a  distance  of 
about  15  miles,  to  a  new  .site  in  Russell  Fiord,  where  we  were  separated  from  the  glacier 
fall  by  Osier  Island,  and  by  the  high  mountainous  point  above  it. 

At  the  time  of  the  gbder  fall  we  were  woridng  along  the  coast  east  of  oor  camp  and 
irere  sorpsiaed  by  Ihe  appeaianoe  of  a  aeries  of  waves,  \diicfa  at  first  wcM  aaei^^ 
unusually  large  fall  of  icebergs  from  Hubbard  Glacier;  but  since  the  waves  incveaaed 
in  height  until  they  finally  rose  15  or  20  feet  above  the  water  level,  and  since  they  were 
.  mtich  higher  than  any  previously  observed  iceberg  waves,  and  lasted  much  longer,  we 
inferred  that  they  must  be  the  result  of  an  earthquake,  until  the  next  day,  when  one  of 
our  native  packers,  returning  from  Yakutat,  gave  us  the  true  explanation  of  the  phe- 
nomenon. The  native  further  stated  that  this  was  the  thiidtfane  that  this  glacier  had 
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iaJHoi  from  its  valkgr,  tlHragh  on  qoMtioiiing  bim  H  wm  evidsnt  tli«t  the  tndHioa  n- 

ferred  merely  to  the  faUingof  a  glacier  from  its  valley  on  the  west  side  of  Disenchantment 
Bay,  not  surely  this  one  each  time.  The  last  fall,  which  he  said  occurred  about  sixty 
years  before,  he  reported  to  have  destroyed  100  natives  who  at  the  time  were  encamped 
at  their  summer  sealing  cuinp  a  few  miles  south  of  Haenke  Island.  Fortunately  at  the 
time  of  the  1905  fall  the  natives  had  all  left  the  bay. 

By  the  Avalandung  of  this  ^eeier*  Hs  vnllagr  mm  completely  emptied  of  ioe,  with  the 
vMe^pikm  at  a  email  femnant  of  steqiljr-padied  vM  and  a  hm  minor  ke  fcegmwiitj 
near  the  edge  of  the  cirque.  The  walls  and  bottom  of  the  cirque  were  of  bare  rock,  and 
the  avalanche,  which  spread  out  fan-shaped  at  the  mountain  base,  had  swept  away  the 
soil,  and  for  a  width  of  half  a  mile  had  killed  the  alder  growth  which  previously  grew 
at  the  cliff  base  l>eneath  the  glacier.  The  larger  part  of  the  glacier  fell  into  the  fiord, 
probably'  most  of  the  ice  floated  away,  while  Uie  loose  debris  sunk  to  the  bottom.  Some 
ol  the  glacier  ieeiwrnniwd  at  the  barn  el  the  cliff,  pushing  timooae 
aiidfoimii^aiiewdioieliiieof  anga]ariodE<4fbiM.  That  ioe  enited  bfloealh  thie  wao 
evident  from  the  fxeah  faulting  and  dumping  of  the  surface  in  1905. 

In  1909  we  again  crossed  this  area  and  found  that  ice  still  existed  beneath  the  debris 
that  was  swept  out  of  the  mountain  valley  in  1905.  The  cirque  valley  of  Fallen  Glacier 
is  beginning  to  be  again  filled  with  snow,  and  the  place  of  the  former  glacier  is  now 
covered  by  one  of  the  largest  snowfields  on  this  mountain  face  (PI.  LXIX).  There  has 
not  y«t  bM  inliclent  aeeoiiiniiletian  of  iBQiir  to  oaw 

baft  we  have  here  tiie  mdj  itafee  of  loimelion  of  a  neir,  maaU,  perched  Racier  whSdk 
may  peih^  be  reaoemnmulating  to  onoe  more  avalanche  out  of  He  Telky,  iHmq  a 
■afficifint  amount  has  gathered  hate  to  again  render  its  poation  nniteWe 
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CHAPTER  X 
THE  EABTHQUAKE  ADVANCE  THEORY 

The  Problem.  The  liett  ftetod  in  tbe  fmvkm  dbipteis  make  it  clear  that  the  gUden 

of  Yakutat  Bay  have  in  recent  years  been  undergoing  a  series  of  changes  of  unusual 
character.  From  a  state  of  stagnation  a  number  of  them  have  sprung  into  sudden 
activity  and  then,  with  ahnost  equal  abruptness,  have  relapsed  again  into  a  state  of 
stagnation.  The  transfonuatioii  has  affected  differuit  ^aders  at  different  timea  and 
m  different  degree  and  eome  at  the  ^acien  have  not  been  affected  at  all.  So  far  aa  we 
kacnr,  fnch  qtectacnlar  dianges  have  not  hiUieffto  been  leeoedBd.  The  advance  ol 
Vemagt-Femer  in  the  T^rolese  Alps  is  a  case  analogous  to  these,  but  is  only  a  single 
instance  in  a  glaciated  region,  and  it  differs  in  notable  respects  from  tlic  advancing 
Yakutat  Bay  glaciers.  The  advance  of  two  glaciers  in  Icy  Fiord,  Sj)itzbergen,  and  the 
advance  of  glaciers  reported  from  the  Himalaya:,  are  too  little  known  to  offer  basis  for 
comparison.  The  solution  of  the  problem  of  the  cause  for  these  changes  must,  there* 
foNb  be  baaed  mainly  upon  the  facts  wfaicfa  the  Yakutat  Bay  region  preeeata. 

Upon  the  baaia  ol  the  oom|>antive  observations  of  1905  and  1908  the  aenior  aiitiMr 
baa  proposed  the  theory  of  avalanching  dnaag  earthquake  shaking,  rather  than  increase 
of  snowfall  with  climatic  oscillations,  as  the  explanation  of  the  phenomena  of  advancing 
glaciers  in  this  region.*  The  observations  of  1909,  1910,  and  1913  add  important  and 
significant  facts  to  those  previously  observed,  and  among  thex  facts  are  several  tending 
toward  the  verification  of  the  theory,  and  none  opposed  to  it.  With  these  new  facts 
we  are  in  a  position  to  moie  fuUy  diacun  thhi  tiieoty  than  was  hitherto  posiSkle.  This 
diacussion  wiU  be  prefaced  by  a  sununaiy  of  tibe  dlgnifioant  facta  of  obaervatioii  wfbicb 
have  already  been  presented  in  aome  detafl  under  ttte  deaeription  of  the  individual  glaciers. 

Summary  of  the  Phenomena.  In  recent  years,  up  to  Gilbert'a  visit  in  1899,  the  general 
history  of  the  Yakutat  Bay  glaciers  had  been  one  of  recession;  and  in  most  of  them  the 
recession  continued  to  1905,  and  in  some  even  to  1913.  This  reces.sion  was  apparently 
a  stage  in  the  withdrawal  of  the  glaciers  from  positions  to  which  they  had  readvanced 
after  a  period  ol  reoeaaioa  oven  greater  than  the  present.  During  this  earlier  advance 
Nunatak  Glacier  bad  pnahed  Bwthweatward  into  the  hnrar  pottkm  of  Bnaadl  Fioidt 
and  also  southward  up  the  fioid  until  it  joined  tbe  Hiddoi  CUacier  and  the  united  ice 
stream  advanced  far  up  toward  the  head  of  the  fiord.  From  this  advanced  position  the 
recession  of  the  glaciers  has  been  both  rapid  and  recent,  and  in  the  case  of  the  Hidden 
Glacier  has  continued  until  1906  or  1907,  and  in  the  Nunatak  Glacier  until  1909.  It 
is  not  certain  that  tliis  rc<  ession  was  not  interrupted  by  halts  or  minor  advances;  but 
there  is  no  evidence  of  this,  and  certainly,  during  the  period  of  observation,  that  is 

>  Tair.  R.  S.,  Receut  Advance  of  Glaciers  in  tbe  Yakutat  Bay  Region,  Alaska,  Bull.  Geol.  Soc.  Amer..  Vol.  18^ 
1007,  pp.  177-480:  The  Yakutet  Bay  Region.  AlMb.  PhManal  T^tet  9i,  U.  8.  Geol.  SnrTcgr.  1009,  pp.  90-01; 

The  Theory  of  Advance  of  (Uaders  in  RespoOM  to  Earthquake  Shaking,  Zeitschrift  ftlr  Gletscherkunde,  Rand  V, 
1810,  Pl>.  l-96i  Tur,  R.  S.  and  Martin,  Lawicaoe.  rrofessioDal  Ripar  08,  U.  S.  Geol.  Sumgr,  1818.  pp.  51-01. 
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since  1899,  there  has  been  no  interruption  as  great  as  the  advance  ol  the  Hidden 
Glacier  in  1906  or  1907. 

In  IMtf  «vidflBee  WM  loiiiid  to  prova  tliat  Gali^ 
tbaob  halt  obierved  and  pliotognplMd  in  IMl.  Its  motame-qwwwd  mnlioe  had  been 

so  broken  as  to  completely  destroy  an  alder  and  cottonwood  thidkel  that  grew  on  it  in 
1890  and  1891,  but  ablation  had  healed  the  broken  surface  so  that  one  could  easily  travel 
over  it  in  1905.  There  is  some  evidence  that  the  front  of  the  ice  bulb  advanced,  and  sound 
basis  for  the  inference  that  tiiere  was  lateral  spreading  toward  the  valley  walls,  destroy- 
ing marginal  drainage.  The  changes  in  the  glacier  condition  extended  to  a  hitherto 
OBtfifloovered,  stagnant,  off-lying  ioe  mass  on  wUA  an  aOovial  ian  had  been  deposited, 
and  by  the  advance  this  In  waa  destragred  and  ila  plaoe  m  fau^ 
mounds  thrust  up  through  it.  We  have  no  means  of  positmljr  determining  in  %Hbich 
of  the  fourteen  years  between  1891  and  \90'>  these  chants  occurred  but  photographs 
make  it  certain  that  it  was  after  1895,  and  we  infer  that  it  was  in  1900  or  1901  because 
of  the  age  of  the  alder  bushes  that  have  again  begun  to  grow  on  the  moraine.  Other 
facts  indicate  recency  of  the  change,  such  for  example  as  the  imperfect  redevelopment  of 
BSfginal  dianiags^  and  of  the  alhivial  fui  betwaen  tiie  UMwaiaic  knolls.  Fiirtliennoi(e» 
y»  aia  at »  hisB  to  eaqdain  tiie  ttensfonttaticMi  of  tliis  (Racier  on  any  other  hypotheaa 
than  the  effect  of  earthquake  shaking,  and  are  foVced  to  the  conclusion  that  the  advance 
is  the  result  of  a  response  to  the  shaking  during  the  earthquakes  in  September,  1899. 
The  Galiano  Glacier,  whose  response  was  so  raj)id,  is  a  very  sliort  ^'lacier,  with  steep 
valley  sides  and  head,  on  which  in  September  deep  snows  had  already  been  added  to 
the  extensive  snowfields  and  steeply-descending  glaciers.  Evidence  that  there  has 
been  fxtauive  avalanrhing  from  these  steep  slopes  was  laadOj  dinoveied  by  a  com- 
panson  of  the  18M  phologniihs  with  the  oonditMW  in  lOOff ;  and  even  ^ 
Iboin  whidi  huge  masses  of  ice  had  faUen  after  1891  were  not  yet  laaetmaed  by  lee. 

It  seems  probable,  tliough  the  facts  do  not  conclusively  prove  it,  that  other  small 
^aeiers,  similar  to  Galiano  (Jiiu  ier,  had  undergone  a  like  change  a  short  time  before  the 
expedition  of  1905.  Had  we  then  had  suspicion  of  the  fwssibility  of  such  glacier  trans- 
formation we  might  have  discovered  evidence  which  is  now  obscured  by  ablation.  The 
fbwicn  iriiich  gave  the  best  indication  of  iiaving  undergone  «^aagea  similar  to  those 
ef  the  Galiano  are  MoCarty.  Hendricksen  and  Rnimusssn  Glaciers  on  the  wast  side 
ef  Bossell  Fiord,  and  the  Blossom  Island  Glacier  just  north  of  Blossom  Island  east  of 
Marvine  Glacier.  It  is  probable  that  some  of  the  small  glaciers  have  failed  to  show 
evidence  of  notable  response  to  earthquake  shaking  because  of  the  small  supply  of  snow 
and  ice  thrown  down  upon  them.  Of  one  such  glacier,  the  Black  Glacier,  the  one  nearest 
the  Galiano,  the  evidence  is  convincing  tliat  there  has  been  no  distinct  advance  of  the 
end,  no  pwnouneed  lateral  q>reading,  not  sufficient  breaking  of  the  surface  to  destroy 
the  aUer  growth  upon  it  Not'  iiaving  yet  advanced  as  a  result  of  the  1809  eaith- 
qnakes,  we  assume  that  this  and  other  simHsr' leaders  will  probably  not  do  so  in  the 
future. 

In  1906  four  gla<-iers,  tlic  Ilaenke,  .\trevida,  Variegated,  and  Marvine,  had  bc<-ome 
absolutely  transformed  from  tlieir  condition  in  1905.  Thn  r  of  these  glaciers  are  of  about 
the  same  order,  and  it  seems  natural  that  Lhey  should  advance  essentially  together. 
Monovar.  their  siae  is  such  in  oomparison  with  the  Galiano  tiiat  it  is  not  difficult  to 
understand  why  they  diould  require  so  much  longer  to  respond  to  the  earthqnako 
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diakiBg.  The  Marvine  Glacier,  oil  the  other  hand,  Memf  to  be  modi 

of  these,  and  certainly  is  if  the  l(bkspina  octeiuioil  4^  Maimne  Glacier  is  included.  We 
do  not  know  what  Uie  conditions  are  in  its  upper  portion,  and  it  is  possible  that  the  ad- 
vance is  the  result  of  a  thrust  from  some  of  the  shorter  tributaries;  or  it  msLv  he  true 
tliat  tliLs  glacier  is  a  steep  one,  tliough  broad  and  flat  where  it  emerges  from  its  moun- 
tain valley,  expanding  far  beyond  the  mountains  because  of  large  supply  grounds  at  no 
gMatdiatanoe  back  hk  the  noQiitaiiH.  Iliebwt  map  «l  the  legion  that  ire  have  indicatea 
that  the  latter  is  triiev  aid  that  the  Muvfaie  Glacier  is  fittfe  tf  aajr 
gated  Glacier  and  much  shorter  than  the  Luda  Glacier.  If  this  is  not  true,  it  is  cer- 
tainly noteworthy  that  this  glacier  sliould  have  advanced  as  early  as  the  Atrevida,  and 
three  3'ears  before  the  Luda  did.  If  we  could  depend  absohite^  on  the  map  the  qnestioB 
would  be  easily  settled. 

By  the  advance  of  these  four  gladen  the  ice  surface  was  in  each  case  profoundly 
broken,  being  transfonned  from  a  auiCaoe  over  wbaA  one  ooold  eaaa^  travel  is  190$  to 
one  which  was  utteclynnpassable  in  1906.  In  at  least  two  caaea,  the  Atrevida  and  Varie- 
gated Gladers,  there  was  a  lateral  spreading  of  the  ice  within  the  mountain  yaUeijr,  closing 
up  marginal  valleys  which  had  previously  existed.  In  tliese  two  cases,  and  probably 
in  the  others  also,  there  was  a  pronounced  thickening  of  the  glacier  at  and  beyond  the 
mountain  valley  mouth.  Tliree  of  the  glaciers — the  Marv'ine,  Atre\nda  and  Variegated 
— ^terminate  in  expanded  piedmont  bulbs,  and  in  each  of  them  the  breaking  of  the  ice 
surfsoe  extended  into  these  ioe  bulba,  in  the  Marvine  leaddng  to  the  very  outer  edge, 
but  fia  the  two  otheta  lailiBg  to  allaet  the  outermoat  parts  d  the  atagnant  ioe.  From 
this  we  infer  that  the  thrust  in  the  Marvine  Glacier  was  the  moat  proiMmnced  of  al 
and  this  inference  is  supported  by  the  further  fact  that  the  extent  of  tiie  area  of  iMoken 
ice  was  far  greater  in  the  Marvine  than  in  the  other  glaciers.  The  area  of  broken  ice 
visible  in  the  Man  ine  Glacier,  and  its  continuation  in  the  eastern  lobe  of  Malaspina 
Glacier,  was  full^'  15  miles  in  length  and  from  8  to  10  miles  -wide  in  the  broadest  part; 
in  Atievida  and  Vaiiogated  Gladen  the  biolDeii  fee  ooeupied  an  area  whose  length  was 
between5aiid7niiles»wilhabreadthor8or8mileaintfaeb(oadeitpart  AUIoorofthe 
glaciers  advanced  akog  theirfronts  andmaiginn,  the  greateat  advaaee  being  in  the  Haenke 
Glacier,  the  only  one  whose  tenninus  was  confined  between  mountain  ynHs.  Ken  the 
front  of  the  glacier  was  pushed  forward  nearly  a  mile  and  it  was  transformed  from  non- 
tidal  to  tidal  condition  by  the  thrust.  The  forward  motion  in  the  other  three  glaciers 
was  partly  dis^iipated  in  breaking  the  piedmont  area  and  partly  in  tliickening  the  ice 
in  it;  but  aona  of  Ike  fhrnsl  was  effeelnw  In  podimg  tiw  margins  d 
outward,  llda  was  dearly  diown  in  Variegated  Glacier  by  the  oveiriding  of  a  graaile 
gorge ;  in  the  others  by  the  advance  of  the  margin  into  the  fringing  forest. 

Thus,  any  theory  which  will  account  for  the  transformation  of  Iheae  glaciers,  mmt 
explain  not  only  change  from  stagnant  condition  to  activity,  and  from  smootli  to  broken 
surface,  but  also  actual  forward  movement  and  pronounced  thickening  of  the  glaciers. 
The  tlieory  must  also  account  for  the  suddenness  of  the  change.  At  least  three  of  the 
gladera*  Atrevida,  Haenke,  and  Variegated,  and  probably  also  a  fourth  (the  Marvine) 
passed  through  the  eouplete  c^de  in  appruximatebr  one  year.  In  the  last  of  Auguat, 
1905,  they  diowed  almost  no  evidenoe  of  change,  though  in  the  Atrevida  and  Marvine 
Gladers  there  were  oliaerved  phenomena  in  1905  that  wan  later  interpreted  as  the  begin* 
nmg  of  the  advance;  in  June»  1908,  all  four  ^aden  were  utterly  transfonned.  The 
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cbaage  inw  aa  qNHBiodie  as  it  iiM  abnluteb  wd  we  know  ^ 

to  cfaaincterisa  H  lliaa  to  caU  H  a  9lae»ff>  JfoofL  Not  on^jr  wit  tlia  advaaee  abrapt,  but 

its  termination  was  equally  so,  for  it  ceaaed  with  the  season  of  1906,  and  since  then  abla- 
tion has  been  at  work  healing  the  broken  ice  which  has  again  relapsed  into  a  stage  of 
stagnation.  The  theory  must,  therefore,  account  for  an  abrupt  and  aba(^te  ceasatioil 
of  the  advance  as  well  as  for  the  spasmodic  advance  itself. 

Between  1899  and  1901,  and  also  between  1906  and  1909,  tbere  have  been  slight 
flnctnatkmi  in  tlie  franta  of  Tamer  and  Hubbard  CArndtn,  wfakb  may  be  doe  to  tbraite 
bam  tributaries;  but  thaw  liaa  been  no  notable  advance  of  these  great  tidal  gladsfa, 
althou^  in  1909  Hubbard  Glacier  showed  signs  ol  the  bcghmiog  of  an  advance  which 
in  1909  we  thought  might  prove  to  be  of  importance.  Since,  however,  it  was  not  followed 
in  1910  by  a  distinct  forward  movement  we  infer  that  it  is  not  an  advance  comparable 
with  tliose  of  the  other  advancing  glaciers.  Between  1906  and  1909  only  one  glacier, 
the  Hidden,  suffered  advance,  probably  in  the  season  of  1907.  Wlien  last  seen  in  early 
Jvly,  1906,  iUteRidons  was  in  the  ssineamooth,  stagnant  condition  as  ^ 
bat  in  «aH7  July*  IM,  ila  front  was  about  two  miles  fbither  down  its  TaDqr.  Then 
had  been  accompanjring  spreading  on  the  margins  and  a  thickening  of  at  least  elevtt 
hundred  feet  where  the  glacier  terminus  stood  in  1905.  With  the  advance  came  pro- 
found breaking  of  the  surface,  and,  succeeding  it,  ablation  in  sufficient  degree  to  render 
tlie  surface  pa.ssable.  Thus  the  Hidden  Glacier  has  repeated  the  phenomena  of  the 
other  advancing  glaciers,  but  the  advance  of  its  front  has  been  greater  than  tJhat  of  auy 
otfier.  Its  duuQge  bom  stagnant  to  active  condition  and  back  again  to  stagnation  was 
ain-qit  and  an  compassed  in  a  short  time,  probably  not  over  a  year. 

In  1905  and  19M  Locia  Glaeier  dhowed  no  sign  of  past  diange»  bat  in  1000  fts  moraii^ 
eowred  lower  portion,  and  also  the  valley  glacier  above,  was  greasy  crevassed,  there 
!  was  a  lateral  spreading  in  progress,  and  a  distrihutarj"  on  the  western  side  had  advanced 
j  notably,  while  the  ice  had  surrounded  and  j>iled  upon  the  northern  end  of  the  nimatak 
I  near  by.  There  was  evidence  that  the  advance  and  breaking  had  only  recently  begun 
and  was  still  in  progress.  The  surface  was  not  so  broken  as  the  other  glaciers,  and  the 
I  eflSset  ol  the  advance  had  not  extended  so  bat  oat  in  the  stagnant  piedmont  bulb  as  in 
I     the  case  ol  the  eontignoas  Atrevida  Glacier  in  1900.  Hubbard  Glacier 

'     b  1900  showed  an  even  earlier  stage  in  advance  than  Lucia  Glacier.  Its  eastern  margin 
I      was  newly  broken,  but  what  had  occurred  farther  out  in  the  glacier  could  not  be  told 
I      because  the  surface  of  this  active  trlacier  has  been  severely  crevassed,  except  at  the  very 
j      margin,  during  the  entire  period  of  obsers'ation.   However,  the  front  of  the  glacier  had 
'      moved  forward  somewhat  since  1906  and  there  was  evidence  that  the  north  arm  had 
booomo  more  powetftd.  There  was  little  adtfitioiial  advance  in  this  aim  between  1009 
and  1910,  thooi^  the  west  part  of  the  ghKm  had  oontinned  the  slower  adva^ 
I        In  1910  the  Nunatak  Glacier  began  to  advance  and  up  to  June  its  tidal  front  had  come 
out  700  to  1000  feet  with  some  thickening,  but,  because  confined  in  a  narrow  fiord,  with 
practically  no  lateral  spreading.   This  seems  to  have  been  the  wliole  of  the  advance  and 
is  probably  to  be  ascribed  to  a  response  to  a  thrust  from  a  single  small  tributary. 
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Tabulab  SvMiiABT  OT  AoYAMcaB  SoiCB  1890  Eaxtrqu. 


After  1895  and  before  1905 
Between  1889  and  1901 


lOOS-1000 


1906-1907 

1908 
1810 


Galiano 
Miller 


Haenke 
Atiwida 

Variegated 
Marvine 

Hidden 


Lucia 
Nuaatak 


2orSmile8 
8or4] 


OorTmilea 
Smiles 

10  miles 

10  miles  (excluding  CTpaiwind  lobe 

in  Malaspina) 
10-17  miles 


17-18  miles 
SOmiles 


>  Perhaps  Hendridcaon.  Rasmuasen,  McCarty,  and  Blosaom  bland  Glaciers,  each  I  to  2|  miles  long. 
>Feriwjpa  Turner  betwMn  1880  Mid  1901.  Mid  HubbHd  betirMB  1880  Mid  1801.  Mid  Hubbud  bettrcai 
1801  Mid  1800. 

*  Mips  taw  bakween  1906  andlMML 

*  Northweitem  arm  of  Hubbwd* 

*  South  arm  of  Hubbard. 

Generaliriiig  die  laets  observed  in  tiw  various  ^acien,  dnriag  Ottr  ilve  seaiom  d 

ebaervation,  it  may  be  said  that  certain  ^aciers,  nine  certainly  and  perhaps  six  others, 
present  evidence  of  an  abrupt  and  absolute  transformation  within  a  short  time,  and  then, 
in  ever\'  case,  a  sudden  rettirn  to  their  former  condition.  Among  the  ghiciers  that  luive 
advanced  there  is  a  general  ti^reement  between  size  of  the  ghu  ier  and  time  of  tlie  advance, 
as  shown  in  the  tabular  statement  above.  The  Galiauo,  which  advanced  before  1905, 
is  one  of  the  smallest  visiUe  glaciers  of  the  vegioD  and  llGller  Glacier,  ^diich  advaiioed 
between  1888  and  1801,  is  Uttle  if  any  larger;  the  foiir  that  advaooed  in  190MI  are 
than  the  Galiano  and  Miller,  though  not  among  the  largest  Yakutat  Bay  glaciers;  the 
Hidden  Glacier,  which  advanced  later,  probably  in  1907,  is  still  larger;  the  Lucia,  which 
advanced  in  1900,  is  Inrj^er  than  the  Hidden;  and  tlie  Nunatnk,  which  advanced  in 
1910,  is  larger  than  tlic  Lucia.  The  one  apparent  exception  to  tliis  order  of  appearance 
of  the  advance  is  the  Morvine-Malaspina  Glacier,  whose  valley  portion  falls  in  its 
pro|)er  place  in  <»derof  sii^if  wemay  aooqptthemap  aseofieet.  Two  of  1^  kigeit 
and  most  active  leaders  (TVuner  and  Hubbard)  have  had  no  notable  advance,  thouglt 
titere  have  been  some  fluctuations  of  thar  fronts,  peihaps  representing  leqKmse  to 
thrusts  from  shorter  tlibutaries.  For  some  of  the  smaller  glaciers,  we  have  no  proof  of 
an  advance;  but,  in  the  case  of  some  of  the  .smaller  of  these,  this  may  be  due  to  our  failure 
to  recognize  evidence  of  an  advance  that  was  completed  before  1005;  in  other  small  gU> 
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ckn,  uul  oerUinly  in  one,  Mack  Gladwr,  there  hM  heea  no  adyanoe*  and  inobably  wiU  be 
noae  because  of  unfavorable  conditions  in  the  iwervoirs.  The  fact  tiiat  some  of  thelaigBr 

glaciers,  like  the  Seward  and  Hubbard,  have  not  yet  undergone  transformation  can 
hardly  be  due  to  this  cause;  and  it  is  reasonably  safe  to  predict  a  change  for  them  also, 
when  time  enough  has  elapsed  for  the  impulse  to  pass  from  their  distant  reservoirs, 
through  the  long  valley  ice  streams  to  their  fronts.  When  one  of  the  large  tidal  glaciers 
responds  fhe  serica  vOl  be  completn  for  this  r^on. 

EbeiHien  in  Alaska  there  has  been  no  anafegous  transformation  of  ^adera,  so  far 
as  can  be  learned.  Such  inquiry  as  we  have  been  able  to  make  reveals  oo  evidence  of 
recent  notable  change  in  the  glaciers  of  southeastern  Alaska  with  the  exception  of  Gla- 
cier Bay  ;  and  our  studies  to  the  northwest  of  it,  in  the  Copper  River  and  Prince  William 
Sound  regions,  and  tliose  of  Professor  (irant  in  the  latter  region  and  the  Kenai  Penin- 
sula, fail  to  discover  evidence  of  changes  of  like  character  in  the  glaciers  of  these  sec- 
tions. As  is  stated  in  the  diapten  describing  oiffobservatioas  in  Pkim  Sound, 
there  have  beoi  some  recent  changes  in  several  of  the  giacsers,  but  nothing  th^ 
with  the  remarkable  diaafM  in  the  Yakutat  Bay  region.  We  fed  warranted,  therefore, 
in  conduding  that  the  spasmodic  advance  and  absolute  transformation  of  glaciers  dur- 
ing the  past  15  years  is  a  phenomenon  of  Yakutat  Bay  and  vicinity.  That  past  changes 
of  similar  chara<-ter  may  have  occurred  in  other  parts  of  Alaska  seems  probable;  and  it 
is  believed  possible  tiiat  certain  advances  noticed  in  the  Glacier  Bay  region,  and  else- 
wiiere  in  Alaska,  are  similar  in  origin  to  the  advance  of  the  Yakutat  Bay  gladm  but 
with  kas  intenee  causey  and  consequently  with  less  speetaeular  results. 

An  eoEaminalkMi  of  the  reowds  of  rhwagu  in  ^aosRS  in  other  raginni  has  failed  to  die- 
cover  either  traaaCcnmation  or  spasmodic  advance  by  a  group  of  glaciers  of  like  nature 
to  the  phenomena  of  Yakutat  Bay.  There  are  many  instances  of  forward  movements 
succeeding  periods  of  recession,  and  soine  of  them  have  Ixvn  spasmodic  in  their  nature; 
but  so  far  we  have  been  unable  to  find  anything'  comparMble  to  the  changes  described  in 
the  preceding  chaptera.  In  this  respect  the  glaciers  of  Yakutat  Bay  are  unique  among 
tiie  ^acien  of  the  wuM,  SO  f ar  at  the  fiterature  whii^  we  have  seen  goes  to  dww. 

It  is  notewmrthyt  also,  that  in  September,  1800,  the  YakuUt  Bay  region  was  the 
center  of  a  aeiies  of  earthqudces  of  great  intensify;  two  or  three  of  them  ranking  witii 
I  the  greatest  of  recent  earthquakes.^  For  three  weeks  the  region  was  repeatedly  shaken, 
and  there  were  hundreds  of  sho<'ks  in  all.  In  our  n'mirts  upon  the.<ie  earthquakes  abun- 
dant evidence  ha.s  been  presented  to  prove  that  during  the  eartlujuakes  there  were  fre- 
quent and  enormous  avalanches  of  snow,  ice,  and  rock.  These  avalanches  have  not 
coly  been  testified  to  by  prospectors  encamped  within  Disenchantment  Bay  daring  the 
earthquakes,  vriio  saw  aiid  heard  them  fall,  by  the  natives  idio  report  that  certain  moun- 
tain faces  were  "completely  changed  "  by  the  earthquakes,  but  by  our  own  observation 
t  of  exceeding  abundant,  freab  avalanche  scars  upon  the  mountains,  far  more  abundant 
than  in  other  mountain  regions  of  Alaska  that  were  not  severely  shaken  during  these 
earthrjuakes.  Comparison  of  pliotographs  taken  before  the  1809  earthquakes 'W'ith  tho.se 
taken  after  it  show  conclusively  what  large  areas  of  avalanches  there  were  in  those  places. 

•  Tarr,  R.  S.  and  Martin,  Lawrence,  Recent  ChangCii  of  Level  in  the  Yakutat  Bay  Region,  Alaska,  Bull. 
Geol.  Soc.  Amer..  Vol.  17,  1900.  pp.  29-«4;  Geog.  Joum.,  Vol.  XXVIU.  1806,  pp.  80-42;  The  Eurtiiquakes  at 
I  TafartaB^,AlaiUiaSaptMdi«.18M,PMbHkBdnv«6e;U.B.G«oL8an^^ 
llwAhJrinRsr»liqiMha»of  ISM^BdLGeoLSoftAsMr^VoLanE^me^jp.  W  toe. 
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Id  other  parts  of  the  St.  EKai  Range,  geologists,  army  officers,  prospectorf,  and  othen 
saw  and  heard  many  great  avalanches  during  the  earthquakes,  although  some  el  these 
observ'ers  were  several  hundred  miles  from  the  earthquake  centre;  but  in  then  leDOle 
regions  the  avalanches  \\  ere  not  in  such  abundance  as  near  Yakutat  Bay. 

One  who  has  read  Russell's  vivid  descriptions  of  the  great  avalanches  in  the  valley 
of  upper  Kevton  glacier  ^  in  1800  and  1801,  some  of  nUdk  advanoed  ahatf  mSe  aenMi 
the  glacier,  or  'mho  has  seen  Selle's  iroodeEfoI  photograplis*  of  the  avalandieecaned 
dopes  near  the  heads  of  the  glaciers  of  Mt.  St.  Ellas  in  1807,  in  both  cases  rq>resentmg 
•▼alanching  under  normal  conditions,  not  under  the  emplional  l**1ffdiitM*fft  of  three 
weeks  of  earthquake  shocks,  and  who  has  note<l  the  enormous  area  of  snow  slopes  in 
unstaljle  e<iiulibrium  near  Yakutat  Bay,  could  have  no  serious  doubt  of  tlie  tremen- 
dous accessions  of  snow  and  ice  that  might  have  been  received  by  many  of  the  Y'akutat 
Bay  glacm  during  September,  I^.  Upon  these  evidences,  we  axe  convinced  that 
there  can  be  no  question  fait  that  there  was,  in  that  year  wnnsualadditioB  to  tiie  rem 
Toirs  of  tiie  c^aciers  of  Yakntat  and  vicinity,  llie  mountains  hen  an  kfty,  wMi 
steep  slopes,  and  the  snowfall  is  very  heavy.  The  same  statement  applies  to  otiwr 
parts  of  the  mountains  of  the  Alaskan  coast  region,  it  is  true;  but,  although  these 
other  sections  have  experienced  earthquakes,  none  have  suffered  such  severe  and  con- 
tinued shaking  since  Alaska  began  to  be  settled  by  white  men  as  the  Yakutat  Bay 
r^on  was  subjected  to  in  September,  1809.  That  period  of  shaking  was  notable  for 
its  intensity  and  dmalioD,  even  in  a  region  of  frequent  and  seven  earthquakes.  Htiie 
avalandung  of  snoivr  and  ioe  to  ^ader  reservoin  is  eonqietent  to  eann  an  advaaoe  in 
the  glacier  termini,  the  advance  resulting  from  that  particular  period  of  shaking  diould 
be  notable  for  its  extent  and  intensity.  Lesser  shaking  might  well  cause  slower  and  less 
spectacular  advances,  of  which  the  slighter  forward  movements  of  the  glaciers  of 
Alaska  and  other  regions  may  be  insta-nces;  but  vigorous  shaking,  continued  through  three 
weeks,  may  well  produce  additions  to  the  glacier  supply  that  cannot  be  disposed  of  in 
fo  simple  a  manner. 

Untfl  the  studies  of  the  Yakutat  Bay  glaciers  in  1008  the  theoiy  ef  advaaoe  of  ^ 
ciers  in  response  to  earthqua]»  shaking  had  not  seemed  called  for  in  eqplanaUon  of  the 

phenomena  of  glacier  fluctuations.  From  the  studies  of  that  year  it  became  evident 
that  some  unusual  cause  was  necessary  to  explain  the  remarkable  changes  observed  in 
the  glaciers,  and  the  earthquake  tlieorj'  was  therefore  proposed.  Our  later  studies 
have  discovered  new  facts  in  support  of  this  theory  and  none  op|>osed  to  it.  In  view  of 
the  nemess  of  this  tlieory,  and  of  its  possible  impliertion  to  leader  advaneea  in  otter 
r^ons,  we  deem  it  inrth  while  to  state  it  fully,  to  c^ve  a  coanpleto  stateoMot  ef  t 
sons  why  it  seems  to  be  necessary,  and  to  state  the  facts  wliicli  support  it. 

Failure  of  Other  Theories.  One  of  the  main  reasons  for  proposing  the  new  theory  of 
advance  due  to  an  impulse  derived  from  earthquake  shaking  is  the  failure  of  all  other 
explanations  suggested.  It  was  evident  that  we  had  here  such  a  strong  expression  of 
some  cause  for  glacier  advance  that  we  were  warranted  in  considering  not  only  current 
theories,  but  unusual  and  even  apparently  improbable  theories,  and  in  inventing  ior 
considention  any  that  might  by  any  possibility  eipiain  the  phenomena.  Little  or  no 
help  couU  be  obtained  from  observations  in  other  regions,  becann  the  phenomena 

>  BiwdLIC^Nst  Gmtf  V«L  m,  IWl.  pp.  IM-IM;  Uth  Am.  Ikpt,  U.  8.  G«d.  aam(r,UM,p,n. 
•  Tlw  AsBMt  flf  Mt  St  BBs%  Loadoe,  ISOOt  plntapaph  fMtag  p.  ^ 
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observed  in  Yakutat  Bay  mre  quite  diffoent  in  degree  and  in  diaiaeter  from  thoee 
fllolJMrn^oiis. 

Hffjiolketit  CKmaHe  Variation,  The  oonaideratkm  of  the  iwoUem  natnrally  bafaa 
with  the  eonunonly-aco^ted  thMNJ  for  fluctuationi  in  glacier  fronts — response  to  varia- 
tions in  snowfall  in  the  glacier  resen^oirs.  No  one  questions  the  rationality  of  this  theory 
when  applied  to  such  slow  advances  and  recessions  as  occur,  for  instance,  in  the  Alps, 
where  for  a  series  of  years  ice  fronts  advance  or  recede  slightly;  but  it  is  a  question  worthy 
o£  caveful  conrideration  whether  this  cause  is  also  competent  to  explain  the  q;>ectacular 
changes  tibmntd  in  the  Yakntat  Bay  region. 

Li  eanridenng  this  qneitiflii  it  is  to  be  borne  in  mind  that  we  have  to  account  for  die 
sudden  advance  of  nine  or  ten  glacMn  in  a  ttnitfld  nfkia«  and  that  these  i^acMts  vaiy 
in  size  and  in  ttie  (!onditions  of  their  reservoirs. 

Under  the  theory  of  climatic  variations  it  would  be  necessary  to  assume  that  after 
a  period  of  a  half  century,  or  thereabouts,  of  snowfall  not  quite  sufficient  to  hold  glacier 
fronts  in  thdr  position«  thus  giving  rise  to  stagnation  in  their  outer  portions,  and  ac- 
omnpanying  nemdm,  the  spowfafl  abnq>tly  jnorsased  md  aiongh  ML  to  ptpdaee  Hwoe 
startling  phenonMoa.  Then  came  a  cessation  ol  the  eaBcessive  snowfall  as  abrapt  as  the 
iMIfliliiiiii..  In  othop  WQids*  in  a  limited  area  there  must  have  been  a  great  increase 
in  snowfall  for  a  few  years  and  then  a  return  to  the  normal.  It  must  be  insisted,  too, 
that  the  phenomena  of  advance  show  clearly  that  the  transformation  could  not  be 
accounted  for  by  moderate  increase  in  snowfall.  Only  a  very  notable  addition  to  the 
leanTQin  eoold  bring  about  80  «q>asmodic  and  so  great  a  fonrord  movement. 

In  the  hope  of  getting  some  light  on  the  question  of  variatiim  in  snowfall  in  this  re- 
gion we  have  eramined  the  precqntation  data  for  stations  on  the  Alaakan  coast  within 
adistance  of  £50  miles  to  tha  MNltheast  and  an  equal  distance  tothe  northwest.^  These 
records,  though  fragmentAry,  prove,  what  is  otherwise  well  known,  that  there  are  great 
variations  in  amount  of  precii)itation  from  place  to  place  along  this  coast,  and  since  the 
nearest  of  these  stations  is  150  miles  distant  from  Yakutat  Bay,  it  is  evident  that  no  safe 
deduction  can  be  drawn  from  the  reoorded  precipitation  In  an  interpretatimi  of  vaiia- 
tioiiinanowfdlontfaedopeiofftlieSt.EliaaBaQfB.  We  do  aol  ImoirirfiallMr  the  pre- 
eipitatirm  on  the  mountain  dopes  is  greater  or  less  than  at  Sitka  or  Kudbdk,  nmr  do  we 
know  how  it  varies  with  elevation  OT  eqwsure,  nor  whether  an  increase  in  precipitation 
at  Sitka  was  associated  yr\th  an  inrrpa5e  on  the  slopes  of  the  St.  Elias  mountains.  After 
a  careful  consideration  of  the  que.slit)n  we  have  become  convinced  that  no  definite  or 
satisfactory  discussion  of  the  subject  is  possible  on  the  basis  of  existing  records  of 
precipitation.  On  one  point,  however,  there  is  noteworthy  testimony  from  the  records, 
namefy  that,  for  some  reason,  there  is,  at  least  locally,  a  rwy  decided  variation  In  pn- 
dpitalion.  If  the  records  are  accarale,  there  has  been  at  Sitka,  250  miles  aoutheast  of 
Yakutat,  a  variation  in  rainfall  of  from  50  indies  in  1872  to  140  indies  in  1886.  From 
1848  to  1870  the  average  precipitation  was  79  inches,  and  in  no  year  did  it  rise  above 
94  inches,  while  in  only  two  years  did  it  fall  below  65  inches.  Up  to  tJiis  time  the  precip- 
itation was  fairly  regular,  but  a  precipitation  of  77  inches  in  1876  was  followed  by  one 

« Based  upon  reoonls  made  by  the  Russians  and  published  in  House  Ex.  Doc.  177,  40th  Congress,  in<]  S.-»- 
■oo,  Waahington.  1868,  pp.  8M-£,  887;  upon  U.  S.  Weather  Bureau  records  pubiiabed  by  Clevdaad  Abbe,  Jr., 
a  The  GMgcapIv  sad  G«ckg7  «(  Alsifa^  Fk«lMrfoBd  Fkpcr  48^ 
minahl  iiMiil|ir  hftiiiiMiiiiliHlij  tliiiTT  fl  TTmhri  Itnrf  ii 
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of  102  inches  in  1882  and  1883,  110  inches  in  1884,  102  inches  in  1885,  and  110  inches 
in  1886.  From  1890  to  1899  inclusi\  e  thvro  are  no  records;  but  from  1900  to  1909  the 
pre<*ipitation  has  been  fairly  regular,  the  liifrliest  l)einfj  88  inches,  the  lowest  78  inches. 

At  Kiliisnoo,  40  miles  northeast  of  Sitka,  records  from  1890  to  1905  give  a  range 
between  48  indhes  and  72  inches.  At  Fort  liscum,  near  Valdes,  250  miles  northwest  of 
Yakntat  Bay,  leoonb  for  seven  yean  between  1001  and  1000  abow  a  variation  between 
56  inches  in  1004  and  01  indiee  in  1007.  Other  reoofdi  we  even  moie  fragmentaiy. 
Indeed,  aome  of  the  variations  are  so  remarkable  that  one  ia  afanoet  tonpted  to  qoertion 
their  accuracy,  as  vrhen  the  Sitka  precipitation  the  year  before  the  temporary  cessa- 
tion of  records  (1886)  leaped  up  to  140  inches,  and  the  records  at  Chilkat,  which  thoQI^ 
kept  for  only  two  years  give  39  inches  for  1884  and  only  11  inches  in  1885.* 

Hie  precipitation  records,  though  showing  remarkable  variations  at  a  given  station, 
ieil  to  show  similar  variatians  for  the  same  years  at  other  stations.  Thus  we  moat  assone 
that  whatever  variations  there  are,  in  those  years  where  comparisons  are  poasible,  are 
local,  not  general.  Unfortunately  thia  eomparis<Hi  cannot  be  carried  very  far,  thoQ^ 
it  may  be  made  in  some  cases.  For  example,  the  year  (1885)  when  Chilkat  had  a  pre- 
cipitation of  only  11  inches,  Sitka  had  102  inches!  The  highest  precipitation  at  Sitka 
since  1900  is  88  inches  (in  1901  and  1902),  but  in  these  same  years  the  nearby  station  of 
Killisnoo  had  only  55  and  45  inches  respectively,  both  below  the  average  precipitation, 
wliidk  ia  M  indiea.  Hie  highest  reeoided  precipitation  at  Fort  Liacum  ia  01  incfaeai  h 
1007,  but  hi  that  year  Sitka  had  only  70  indhea,  or  much  leaa  than  the  average. 

It  ia  a  question  whether  one  is  warranted  in  draining  any  definite  oondnriona  from  such 
fragmentary  and  variable  statistics,  but  in  the  light  of  these  records  we  cannot  fail  to 
admit  at  least  the  possibility  of  two  conditions  bearing  upon  the  problem  with  which 
we  are  dealing:  (1 )  that  there  may  be  very  extensive  variations  in  the  amount  of  snowfall 
from  place  to  place  in  tlie  Alaskan  coast  mountains;  (2)  that  there  may  be  great  local 
variationa  in  the  amount  of  preditttation  there  from  year  to  year. 

Thia  complicatea  the  aohitioo  <rf  the  praUem  ol  liie  eauae  of  the  advancing  i^bam 
and  introduces  difficulty  in  the  definite  •Iminatmn  of  the  climatic  hypothesis.  Yet,  in 
spite  of  these  possible  great  variationa  in  snowfall,  we  believe  the  climatic  hypothesis 
to  be  inadequate  to  account  for  the  spasmodic  advance  of  the  Yakutat  Bay  glaciers. 
We  may  perhaps  best  stale  our  reasons  for  this  belief  })y  first  considering  a  single  one  of 
the  Yakutat  Bay  glaciers  in  comparison  with  the  best  notable  known  instance  of  glacier 
advance  correlated  with  variation  in  snowfall,  the  Vemagt  Glacier  of  the  Tyrolese 
Alpa.'  On  several  oocaaiona  thia  fancier  haa  undergone  qwMmodie  expanaion  with  ae- 
companying  tiansf cnmation  from  generally  uncrevaaaed  to  crevassed  oonditkm,  the  last 
periods  being  In  1845  and  1808-1900.*  Although  a  anudl  glacier,  the  Vemagt  is  peculiar 
in  having  a  very  large  reservoir  with  a  narrow  ice  tongue  extending  from  it.  In  this  way 
the  effect  of  increase  in  snowfall  is  magnified  and  a  wave  of  advance  passing  down  this 

•  Ontliia  point,  howrv«T.  Dr.  noveland  \h}yr  writes  in  a  letter  to  us  under  <iate  of  May  SO,  1910: — "I  would 
expms  my  belief  that  tiie  r^rts  of  rainfall  at  bitka  for  1882  to  1886  muat  be  largdy  influenced  by  aome  ton- 
porary  peculiarity  in  —Ihods  or  gaugei,  or  inuswiniiiiiitfc  I  onaot  oonddv  As  ooesdve  fignm,  IttI  to  IN 
inches,  as  bonmBnoM  with  the  rt  ot  the  odTmui  for  Stkm;  they  are  aot  mere  Mtni«l  imgohaitiao  of  pwcip 

itation." 

>  Finsterwalder.       Der  Vcmagt-Ferner,  Wuaenachaf Uiche  Ei^ttngungahefte  sur  Zeitachrift  dea  D.  u.  0 


BsadL  lHefl,GiM^lM7. 
Mb  see  iootaotak  p.  ISf. 
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glacier  causes  great  extension  of  the  glacier  end.  If  we  may  assume  this  glacier  to  show 
a  normal  type  of  notdUe  advance  due  to  increase  in  mowfall,  "vdiich  might  be  com- 
pared  with  the  Yakntat  Bay  gladen,  then  is  one  very  noteworthy  diff««nce.  While 
the  Yakntat  Bay  advance  began  and  ended  in  a  period  ci  tui  months,  the  Vemagt* 
in  itf  last  advance,  moved  forawd  much  more  slowly  and  throned  a  much  longer  period 
of  time.  It  was,  in  other  words,  less  spasmodic.  This,  however,  is  not  a  vital  point,  for 
it  is  conceivable  that  witli  still  greater  increase  in  snowfall  the  advance  might  have  been 
more  spasmodic,  as  it  apparently  was  in  earlier  periods  when  its  terminus  was  pushed 
modi  farther  down  the  valley  than  in  1899-1900. 

Taming  to  the  Yakntat  Bay  region,  and  eelecting  oiie  of  the  glacieri  then  for  oorai^^ 
son,  wo  might  afanoet  equally  wdl  take  eSUier  the  Atrevida  or  Iht  Galiano  Glacier,  bat 
the  latter  will  serv  e  our  purpose  best  became  it  ii  the  mailer  and  Uierefore  mora  neariy 
compnrable  with  the  Vcrnagt.  Its  advance  was  great,  spasmodic,  and  effective.  It 
differs  from  the  Vernagt  in  having  no  great  sno^'field  reservoir  with  which  to  intensify 
the  effect  of  increased  snowfall.  To  account  for  the  advance,  therefore,  one  would  need 
to  assume  a  far  greater  increase  in  snowfall  than  was  required  in  the  Vernagt,  and  exactly 
^  aame  statements  apply  to  tho  Atravida.  Glacier.  How  modi  greater  the  smnrfidl 
woald  need  to  be  wo  do  not  know,  but  mmfy  to  aoooont  for  soeh  dumges  as  wera  ob- 
served would  require  a  vast  addition  to  the  iqiper  ^kcier,  perhaf)s  even  mora  than  the 
greatest  recorded  variation  in  precipitation  in  aqy  ol  the  Alsslrsn  reooids,  continoed 
through  several  years. 

Although  such  increase  does  not  seem  to  us  at  all  probable,  we  have  to  admit  the 
possibility  of  it  in  view  ol  the  raoords  of  Alaskan  precipitation.  However,  assuming 
audi  increara  in  pracqntation*  and  further  assoming  that  it  was  loealiied  in  the  Yakn- 
tat Bay  region,  mid  lhat  it  was  competent  to  account  for  the  advance  of  Atrevida  and 
Galiano  Glaciers,  we  ara  at  once  confronted  by  the  very  serious  difficulty  that  Made 
Glacier,  heading  in  the  same  mountains  as  the  Galiano,  and  only  five  or  six  miles  away, 
has  not  responded.  Its  failure  to  advance  as  a  result  of  snow  supply  added  by  cartliquake 
shaking  is  explicable,  but  that  it  should  not  have  responded  to  such  a  great  increase 
of  snowfall  as  would  be  required  to  account  for  the  advance  of  Galiano  and  Atrevida 
GlneienisinsKpficaUe.  The  Blade  Glacier  rasemblesthew  two  glsdeis  in  being  of  small 
siae,  in  having  no  enlarged  reservdr,  in  receiving  its  supply  from  snowfidds  and  stee|4y 
perched  tributaries,  and  in  passing  down  a  short*  deep  mountain  valley  endosed  between 
precipitous  walls.  It  should  show  at  least  some  resp<Mise  to  greasy  increased  snowfall; 
it  might  fail  to  show  resj)on.se  to  carthcjuake  .shaking. 

Willi  these  facts  in  mind  we  cannot  retain  the  climatic  hypothesis,  even  though  grant- 
ing the  maximum  variation  in  precipitation  that  anyone  could  possibly  dahn.  But 
aside  hom  this,  the  hypothesis  as  iq>plied  to  this  rqgion  is  weak  hi  other  reapeets.  It 
mast  assume  a  localised  increase  in  snowfdl  of  great  amount,  without  any  eiplanation 
either  of  its  localisation  or  of  its  cansOf  and  without  any  proof  of  its  occurrence.  In  this 
respect  tfie  climatic  hypothesis  compares  unfavorably  with  the  earthquake  hypothesis, 
for  by  that  we  know  why  there  was  localization  of  cffcx  t,  we  know  that  vigorous  and 
long  continued  earthquake  shaking  occurred,  and  we  know  that  vast  quantities  of  snow 
and  ice  were  added  to  the  glacier  reservmrs.  The  climatic  hypothesis  ia  difficult  to  accept 
tSao  becauM  of  the  unusnd,  and  in  fact  unparalleled,  phenomena  which  it  would  be 
ealied  upon  to  explain.  While  it  is  true  that  the  Venagt  Glacier  has  advanced  in  a 
is 
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ninihr  my,  it  u  nemsHMim  a  apeeial  case  and  its  advance  undar  SMnvlsll  Taiiatioa 

in  due  to  peculiar  individual  chaiactsdstica.  So  far  as  known  the  Yakutat  Bay  region 
is  the  only  one  in  the  world  where  a  number  of  glaciers  of  different  forms,  lengths  and 
reservoir  conditions  have  undergone  a  spasmodic  and  well  graded  advance  and  complete 
transformation.  To  account  for  this  by  diniatic  variation  calls  for  a  far  greater  increase 
in  snowfall  than  has  hitherto  been  recorded  in  glacier  regions.  Being  unprecedented 
does  not  make  it  impossible,  to  be  sur^  but  it  adds  oob  mote  difficulty  in  the  way  of 
aooeptanoe  ci  tlie  hTpotiMsis.  We  iind  it  difficult  also  to  hannoniie  tlie  dimatic  hy- 
pothens  with  the  fact  that  the  pheooiiiBna  of  qMsmodic  advance  aieb  so  f ar  as  we  know, 
localized  in  and  near  the  Yakutat  Bay  region.  So  great  advance  as  is  obesrved  hen 
would  demand  notable  increase  ill  snowfall  for  a  period  of  certainly  a  few  years;  and  we 
are  unable  to  understand  vAiy  there  should  be  this  great  increase  in  one  area,  and  noth- 
ing corresponding  to  it  in  tlie  adjacent  regions,  where  mountains  rise  equally  high,  where 
snowfields  are  equally  extensive,  and  where  glaciers  are  equally  large.  One  difficulty 
in  uMlontanding  this  leads  to  akeptidsm  ifhtea  we  lemember  that  the  legioii  in  qwstioB 
is  the  one  wliich  was  most  semely  Aahan  by  the  earfhqnakea  of  Ssixtwiber,  18P>.  la 
fact,  in  view  of  all  the  considerations  discussed  above,  we  feel  that  the  climatic  hypothe- 
sis is  improbable",  that  it  is  inadequate  to  explain  all  the  facts,  and  that  it  is  such  %  weak 
rival  hypothesis  to  that  of  eartliquake  shaking  that  it  cannot  be  entertained. 

Hypothesis  of  Response  to  Ablation.  Wastage  of  the  lower  part  of  a  glacier,  as  wdl 
as  addition  to  the  reservoirs  must  have  an  effect  on  glacier  variation.  It  u  possible,  for 
eotample,  that  the  lemoval  of  load  inm.  •  lower  part  of  n  gfader  mii^t  indnoe  a  le^pon- 
sive  fkyiroge  from  the  heavily  loaded  part  of  the  glacier  aboivesi^ 
to  the  flowage  resulting  from  overioading  in  the  reservoir.  It  is  certain  that  unloading 
has  been  in  progress  in  the  lower  portions  of  all  the  advaadag  ^acieta  of  the  Yakntat 
Bay  region. 

If  the  advance  were  confined  to  a  single  glacier,  or  to  a  group  of  glaciers  of  essentially 
the  same  characteristics,  this  hypothesis  might  be  applicable.  But  it  does  not  seem 
applicable  to  a  case  in  which  so  many  gladers  of  sudi  difterant  diaraderistiea  are  faip 
volved*  For  inatano^  that  underioading  in  the  motaineKsovered  bulb  of  Atrevida  Gla> 
der  should  result  in  an  advance  in  the  same  years  as  the  advance  of  Haenke  GHadcr 
whose  end  is  in  a  mountainous  valley  seems  improbable.  It  is  equally  difficult  to  under- 
stand by  this  theor}'  why  the  Mar\'ine  Glacier,  which  terminates  in  the  piedmont 
Malaspina  Glacier,  advanced  in  the  same  year  as  the  Atrevida;  and  also  why  the  other 
tributaries  to  the  Malaspina  have  not  responded  to  unloading  of  the  Malaspina  by  abla- 
tion. 

n&us,  even  without  ronaidfaing  whether  Ihe  cause  itself  is  really  an  adequate  posrir 
bility  for  such  a  qwsmodic  advance  in  a  single  glacier,  and  without  making  use  of  the 

fact  that  no  such  response  to  unloading  is  known  ever  to  have  oceuned,  the  hypothe- 
sis fails  and  may  be  discarded  in  so  far  as  its  application  to  the  advancing  i^adetu  of  the 
Yakutit  Bay  region  is  concerned. 

Hyputhesis  of  Eleialion  and  Tilting.  Increase  in  snow  supply  to  glaciers  could  be 
brought  about  by  increase  in  elevation,  and  this  theory  has  also  been  considered.  Hexe 
again  we  cannot  apply  the  test  of  actual  measurement,  since  only  the  appraiimate  ele- 
vations of  a  few  of  the  peaks  are  known;  but  tlus  theory,  like  that  of  increase  in  snowfdl, 
lacks  probability.  Applj^  it,  for  example^  to  Marvine  or  Lucia  Gladers,  whose  aouroei 
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are  in  a  lofty  mountain  region,  it  is  doubtful  if  an  uplift  of  many  hundreds  of  feet  would 
cause  any  notable  addition  to  the  snowfall.  These  mountains  already  rise  so  high,  and 
form  so  continuous  a  barrier,  that  the  damp  ocean  winds  lose  a  great  part  of  their  vapor 
in  lifling  over  them,  for  the  mnom  line  Hes  between  2000  and  8000  leet.  hk  ^kb  case  cf 
tite  nalkr  ^aden,  for  mmukt  Ga&uBo  and  Atrenda  Gladers,  an  ufJift  might  cause 
dbtfaiet  mcrease  in  snowfall,  for  the  mountains  which  mpply  them  are  lower.  But  even 
here,  one  OOQhi  not  imagine  an  uplift  like  the  maximum  of  47  feet  in  Yakutat  Bay  in 
1899,  or  any  uplift  that  was  not  measured  in  hundreds  of  feet,  causing  a  sufficient  in^ 
crease  in  snow-fall  to  cause  such  a  notable  advance  and  change  in  glacier  condition. 

Even  making  the  extravagant  supposition  of  an  uplift  of  several  hundred  feet,  there 
would  not  be  sufficient  increase  in  snowfall  to  bring  about  the  spasmodic  advance  oh> 
aarved  hen  mileis  with  it  dMM  waa  aone  meana  of  abrupt^  eonoentrating  the  effecta  of 
tte  anowfaD  on  the  (^adar  reservoirs.  Such  an  iqilift  woM  also  need  to  be  wwiimed 
throughout  a  very  great  ares,  for  the  distance  between  somcea  of  the  Marvtne  and 
the  Hidden  Glaciers  is  not  less  than  60  miles.  The  extravagant  supposition  of  a  moun- 
tain uplift  of  hundreds  of  feet  throughout  an  area  60  miles  in  length,  even  if  it  were 
competent  to  account  for  the  facts,  would  be  proposing  as  a  substitute  an  even  more 
rnnarirahle  phenomenon  than  that  which  it  is  called  upon  to  explain  and  one  not  indi- 
cated by  tiie  dcKcale  aeaooast  legisler.  Baride  the  cartienie  imprababilHy  of  this  hy- 
potlMHS,  even  in  its  least  eKtnTagantfann«w«  have  tfie  move  convincing  fact  tiiat  the 
advance  of  the  ^Uuaers  ceased  as  abnq>tly  as  it  be0Ul.  Weie  the  advance  doe  to  vpBH, 
its  effects,  at  least  in  diminished  form,  dioald  have  CQBliniied.  For  these  fessoM  w<e 
cannot  entertain  this  theory. 

A  sudden  advance  of  glaciers  might  conceivably  be  caused  by  a  tilting  of  their  valleys, 
bat  this  hypothesis  certainly  cannot  be  applied  to  the  Yakutat  Bay  advances,  for  then 
an  sBTsnl  Irtal  objections  to  it  in  sddition  to  the  impnhahilHy  of  »  snffldent  inrnsn 
m  grade  to  transfoffm  an  uncnvassed  glader  to  broken  condition,  and  to  replace  long 
stagnation  by  sudden  advance.  The  first  objection  is  tlie  Isdt  of  evidence  by  observa- 
HoB.  A  change  in  grade  sufficient  to  cause  so  great  a  change  in  glacier  condition  should 
certainly  be  noticeable,  and  we  are  unable  to  detect  it.  A  second  objection  is  the  dif- 
ferent directions  pursued  by  the  different  advancing  glaciers — some  flowing  southward, 
one  eastward,  and  one  wcstwazd.  It  would  require  complexity  of  breaking  and  inclina- 
tioii  of  a  mountain  ngion  not  only  entiielly  without  pnoedent,  but,  jo^^ 
«dg&  of  earth  dhanges,  iriioQy  jmposrihle.  Finally,  even  if  we  assumed  the  possibifi^ 
el  the  change  it  would  be  necessary  to  assume  also  a  return  to  approximately  the  former 
condition,  for  we  have  to  explain  not  cniy  a  sudden  advance^  but »  sudden  cessation  of 
advance. 

U nienable  Earthquake  Hypotheses.   The  occurrence  of  the  severe  earthquakes  of  1899 
BttaraUy  led  us  to  consider  in  what  ways  it  might  be  possible  for  the  transformation 
of  tbe  giaden  to  be  •  nqxmse  to  then  eartliqualEeSf  snd  four  Iiypctheses  have 
thfsnwelves,  thne  of  wiiidi  an  easily  diqwoved,  while  one  is  so  siqipofted  by  the  facts 
that  it  is  retained. 

Of  the  three  earthquake  hypotheses  that  arc  di.s<'arded  the  first  is  tliat  the  changes  in 
the  glaciers  are  the  result  of  breakin^r  of  the  ice  hy  the  vigorous  shaking  either  in  1899 
or  in  some  subsequent  year.  It  strains  the  imagination  to  conceive  of  such  a  shaking 
as  to  break  a  glacis  into  impassable  condition  by  such  a  causes  but  waiving  this,  and 
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assuming  its  possibility,  it  is  easily  proved  not  to  be  the  case  here.  This  theor>'  fails 
toaioooiintlbrliifeaidTaiioeQithe  glacier  fioiiti,liliefl]nMding  at  tlie  rides,  and  the  tl^ 
eidng  of  the  ^acien.  It  faOa  to  aooomit  for  the  breakfaig  of  eome  ^aciets  and  the  bdc 
ol  breaking  in  othetSf  for  the  breaking  of  the  BCarvine  k>be  of  the  Ualaapina  and  the 
immunity  of  the  rest  of  this  piedmont  ioe  area,  and  for  the  appearance  of  breaking  in 
different  glaciers  in  successive  years.  It  cannot  be  seriously  entertained. 

The  second  earthquake  hypothesis  is  that  the  earthquakes  of  1899  broke  tlie  glaciers, 
but  that  the  effects  of  the  breaking  did  not  appear  until  ablation  revealed  the  cracks. 
This  theoiy  does  not  ^plain  the  glacier  advance,  spreading  and  thickening,  and  is, 
eonsequently,  inapplicable  here.  It  is  therefore  hardly  neeessaiy  to  consider  iriiellier 
a  i^lacier  could  be  broken  bdow  the  surfaoe  and  not  on  tiie  snrfso^  and  also  wiiethet 
ablation  could  reveal  the  breaking  in  a  p^od  of  about  10  months,  most  of  vihich  was 
winter  season,  and  at  the  same  time  in  a  moraine-covered  piedmont  bulb  as  in  the  deer 
ice  area  of  the  valley  glacier  as  far  up  as  the  snow  line. 

A  third  earthquake  hypothesis  is  that  the  severe  shaking  in  1899  resulted  in  the  setting 
up  of  unusual  conditions  of  strain  in  the  ice,  or  of  disturbing  equilibrium  in  the  glacier, 
^oee  manifold  points  of  contact  with  the  irregular  vallej  bottmn  and  side  are  postolated 
to  have  oompkc  strain  relstlonshipe,  resulting  in  advance  of  the  glacier  in  the  reston^ 
tion  of  equilibrium.  No  such  strain  relationships  are  known  to  exist  and,  if  they  do, 
it  is  not  knovm  that  they  are  competent  to  cause  forward  movement.  The  hypothesis 
does  not  account  for  the  immunity  of  most  of  the  steep-grade  glaciers  from  advance, 
for  these  should  seek  equilibrium  first.  It  accounts  for  no  supply  to  keep  the  forward 
movement  going  and  thrust  a  glacier  front  forward  two  miles.  It  may  be  objected 
to  first  on  the  ground  of  postulating  conditions  not  loiom  to  exist,  and,  seoondi  in  cf^^ 
ing  them  with  great  powers  vdiere  slii^t  power,  if  any,  is  more  probnUe. 

These  three  earthquake  theoaes  are  so  entirdy  inapplicable  that  it  would  not  be 
deemed  worth  while  to  give  space  to  a  consideration  of  them,  were  it  not  for  the  fact 
that  each  has  been  proposed  by  a  colleairue  as  a  possible  alternate  hypotheaia  for  the 
theory  which  is  .stated  in  the  following  .sta  tion. 

Theory  of  Earthquake  Avalanche  Supply.  This  theory  is  based  upon  three  postulates, 
each  of  wliich  is  dedueed  from  actual  observation.  Hie  first  postulate  is  that  in  notmai 
conditions  the  mountain  slopes,  above  a  certain  levd,  are  deeply  covered  with  snow  and 
ice  wherevw  it  can  stand,  and  that  much  of  it  b  in  such  unstable  position  that  sufficient 
quantities  are  normally  sliding  into  the  valleys  to  f<»m  tlie  {^acien  and  keep  them  sup- 
plied. The  second  postulate  is  that  by  Scjjtember,  in  any  year,  a  considerable  addition 
to  tlic  snow  accumulation  has  been  made  by  the  early  autumn  snows,  and  that  at  that 
season  the  snow  line  has  been  materially  lowered  by  the  accumulation  of  snow,  on  slopes 
from  which  much  of  it  would  normally  be  removed  by  the  next  summer's  melting.  The 
third  and  vitally  important  postulate  is  that  the  cratinned  siiakhig  of  the  mountains 
during  the  earthquakes  in  the  first  three  weeks  of  September,  1800,  diskxlged  vast  quanli> 
tics  of  this  snow  and  ice  and  threw  it  in  avalanches  down  upon  the  facials  and  upon 
the  n6v6s.  This  added  to  the  glaciers  a  sudden  and  great  supply  of  snow  and  ice,  some 
of  which  never  would  have  reache<l  the  glaciers,  but  most  of  which  would  have  come 
down  to  tliem  from  time  to  time  during  a  scries  of  years. 

From  these  basal  postulates  we  have  inferred  that  so  great  was  the  sudden  iacreaae 
of  snow  and  ioe  hi  the  glacier  reservoifs  tlmt  a  wave  of  advance  WIS  Started  of  far  greatnt 
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vigor  tlian  variations  in  precipitation  could  cause,  and  sufficient  to  explain  the  apasmodie 
advBOM  ftod  bnttldng  ol  the  i^adoni  tJiat  haM  hoto.  olwerved  in  tibie  Yakntat  Bay  region. 
Siaee  tlie  umisiial  supply  oeMed  abrapUy  as  it  canw,  the  advance  quieUy  lan  its 
cooiae  and  the  glaciers  abruptly  resumed  their  former  cotidition. 

A  iwwwl**> of  facts  and  oiMiaiderations  support  this  theory,  as  follows:  (1)  There  was 
a  series  of  unusually  \igorous  earthquakes  in  Sej>tember,  1899.  (2)  Accompanying  these 
shocks  tliere  \vas  much  avalanching.  These  two  points  are  important  in  showing  that 
the  cause  was  actually  present,  though  they  do  not  prove  that  it  was  adequate.  (8) 
Both  the  earthquakes  of  1899  and  the  phenomena  of  spasmodicaUy-advancing  gladera 
an  ceoiand  in  the  Yakntat  Bay  legion.  (4)  Of  the  advancing  i^aeien  all  bnt  one  an 
known  lo  knvn  began  their  advance  since  1800  and  tlie  evidence  is  all  but  condusive 
thAt  tlie  other  advance,  that  of  the  Galiano,  occurred  after  1899.  (5)  There  has  been 
anngh  progression  in  the  glacier  advance  from  the  smaller  to  the  larger  glaciers,  begin- 
ning almost  at  on<e  in  tlie  smallest,  then  affecting  larger  ones,  then  still  larger,  while 
the  largest  have  not  yet  responded.  (C)  The  duration  of  the  advance  was  brief,  indi- 
cating an  intense  cause  of  short  duration.  (7)  The  cessation  of  the  advance  was  abrupt, 
iwBpaling  that  the  cann  tetminated  abmptly.  (8)  Hie  extent  of  the  advance  was 
gnat,  involving  tlie  tranifer  of  laige  masses  of  ioe  in  thickening,  spnadnig  and  podiing 
the  gjncier  fronts  forw  ard,  proving  that  the  cause  involved  an  extensive  addition  to  the 
^ader  supply.  (9)  The  transformation  of  the  glaciers  is  without  rec  orded  parallel, 
which  indicates  the  necessity  of  seeking  an  unusual  cause.  (10)  All  oUier  theories  fail 
to  satisfactorily  account  for  the  phenomena.  (11)  No  facts  observed  are  opposed  to 
the  theory  of  earthquake  shaking.  (12)  The  theory  satisfactorily  accounts  for  all  the 
phenomenn  of  the  advancing  j^adwa. 

It  aeoonnts  lor  the  hwetion  of  the  advancing  glacien  in  the  Yakntat  Bay  ngkm;  lor 
the  beginning  ef  the  advance  immediately  after  1899  in  the  small  glaciers;  for  its  appear- 
ance in  successive  years  in  other,  larger  glaciers;  for  the  failure  of  the  largest  glaciers 
to  have  responded  as  yet;  for  the  failure  of  response  of  glaciers  that  did  not  receive  numer- 
ous avalanches;  for  the  pronounred  breaking,  advance  and  tliickening  of  the  glaciers; 
and  for  the  sudden  beginning  and  equally  abrupt  termination  of  the  advance.  Being 
Hkm  only  theoiy  that  does  not  fail  in  some  signifirant  respects,  having  no  vital  points  of 
eMertion,  but  on  the  contraiy  being  supported  by  numcnms  important  facts  and  con- 
aderations,  and  being  competent  to  aooovnt  lor  aD  the  phenmnenn  of  the  advancing 
glaciers,  the  theory  of  earthquake  diaidng  oocopies  n  strong  position,  falling  little^  if 
any,  short  of  complete  demonstration. 

Nature  of  the  Advance.  It  is  made  c  lear  in  the  preceding  chapters  that  several  stag- 
nant or  nearly  stagnant  glaciers,  with  little  if  any  crevassing,  have  undergone  an  abrupt 
diange,  becoming  impassably  crevasied  and  at  the  same  time  becoming  thirkened  nt 
their  knm  ends  and  pushing  forward  nt  their  fronts  and  margins;  and  that  this  period 
WIS  of  brief  dnntion  and  tenninated  as  abmptly  as  it  began.  Such  an  advance  con- 
trasts strildngly  with  normal  motion  of  glaciers,  as  wdl  as  with  the  slow  advance  of  n 
glacier  under  the  influence  of  normal  climatic  variations,  when  through  a  period  of  years, 
and  without  notable  change  in  surface  conditions,  tlie  ice  front  gradually  advances. 

The  reports  of  the  International  Committee  on  Glaciers  show  tliat  between  189J  and 
1907  the  overwhelming  majority  of  advancing  glaciers  in  the  Alps,  Scandinavia,  Russia, 
Canada,  etc,  moved  lorwnrd  from  ten  to  nrty  feet  a  year,  then  being  one  caw  of  an 
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advance  of  1 14  feet,  one  of  133  feet,  and  the  remarkable  case  of  the  Vernagt-Ferner  whose 
advance  attained  as  many  150,  240,  and  450  feet  in  a  year.  In  contrast  with  this 
tlw  Haanke  Glacier  in  Alaikm  advaaoed  otw  4000  feet  in  a  fittb  kn  than  ten  montba 
and  Hie  ffidden  Glacier  ever  10^000  feet  in  a  brief  interval.  pnibMj  Um  than  a  year 
and  pombfy  in  onHy  a  ttm  monllis.  Tbe  gladen  in  Europe  sometimes  continue  to  ad- 
vance for  fifteen  or  twenty  years  when  once  an  advance  starts,  tlie  cycle  from  maximum 
to  minimum  being  35  to  50  years,  contrasting  with  the  A*"^*^»  glaciers  under  diHrmwiftn 
whose  advances  have  lasted  less  than  a  year. 

The  case  of  glacier  advance  most  nearly  analogous  to  that  of  the  Yakutat  Bay  region, 
of  wiiich  we  have  found  leooid,  is  iJiat  of  the  tiro  aniaU  T^leae  glaciera^^ 
and  Femer,  •Mtk  are  known  to  have  undergone  great  advance  in  1500, 1080,  1770^ 
1820, 1845  and  180S-1000.  Some  of  these  advances  have  been  very  great,  and  by  their 
effect  in  damming  up  a  tributary  valley  and  forming  a  lake,  whose  sudden  drainage  has 
caused  great  floods  in  a  populated  valley  have  attracted  attention  and  in\'ited  study 
even  in  early  times.  Reference  to  these  earlier  studies  will  be  found  in  the  remarkable 
monograph  by  Finsterwalder';  in  which  the  cause  for  the  variation  in  the  Vernagt 
and  Femer  Glaeien  is  diaenaaed.  Ihe  notable  advance  of  the  Veniagt  Gladw  and  the 
less  marked  advance  of  the  Femer  Glacier  in  1808-1000  are  described  by  BWmflhe  and 
Hess;  and  they  have  also  publiafaed  some  of  the  results  of  careful  studies  of  theee 
glaciers  upon  which  they  have  been  engaged  for  many  years.' 

In  the  last  advance  of  the  Vernajjt  glacier  a  swelling  was  at  first  obser\'ed  in  the 
reservoir,  and  later  a  transformation  of  the  ice  tongue  followed,  converting  it  from 
practically  uncrevassed  to  crevassed  condition,  and  causing  an  advance  of  the  end. 
Eariier  advances  had  been  similar,  thoui^  some  of  them  were  far  more  pronooneed. 
There  ia  therefore  a  notewortliy  resemblance  between  tiie  behavior  of  the  Vonagt- 
Feroer  and  the  advancing  Yakutat  Bay  glaciers,  though  the  1808-1900  advance  was 
mudi  less  spectacular  and  less  rapid  than  those  of  the  Yakutat  Bay  glaciers,  and  there 
is  also  u  ditTcrenoe  in  the  cause,  for  tlie  Vernagt,  and  less  notably  the  Femer,  is  a  small 
ice  tongue  fed  from  a  very  large  reservoir,  and  the  advance  is  ascribed  to  the  concen- 
trated influence  of  an  increase  in  the  snowfall  in  the  reservoir,  not  to  the  effect  of  earth- 
quake shaking. 

Fwm  the  researdies  of  Finstnwalder,  BHlmdBe  and  Hess  it  seems  evident  that 

ooesaive  accumulation  of  snow  in  the  reservoir  ultimately  starts  a  wave  wfaidi,  gather" 
ing  force,  finally  sweeps  with  rapidity  through  the  glaciers  and  finds  response  even  in 

the  lower  portions  of  the  glnriers  by  rapid  motion,  thickening,  and  advance.  Their 
important  detailed  work,  wlnCli,  in  the  nature  of  the  case,  could  not  possibly  have  been 
undertaken  in  tlie  Alaskan  gluriers,  throws  a  flood  of  light  upon  the  problems  of  ad- 

t  Finsterwalder,  S..  Der  VenukgtrFerner,  WiiMOJchaitlicfae  Ergtnwingihefte  war  Zettachrift  det  D.  u.  d. 
AlpenverdiiB,  I  Band.  1  Belt  Gnx.  1887;  with  addaidinn  by  BlOmdce;,  A.  and  Hen,  H.  en  Dfe  NadfaMS* 
Mongen  am  Veniagi-Ferner  in  den  Jahren  IflSL        and  1895. 

»  BlUmcke,  A.  and  Hess,  H.,  Beobachtunp^n  nn  lion  (Jlctsohcm  des  Kosoithalea.  Mittheilungen  dcs  D.  u.  5. 
Alpeaircrans,  1900,  Nr.  4,  6  pp.;  Einigca  Uber  den  Vcmagt-Faiier.  ibid.  IMS;  Nr.  18;  HdboliniQiieo  auf  dem 
ntof  ithfcwet.  IWi,  iUd.  Nr.  tl.  Tpp.;  Tirfbobiiii«eB  mb  HintanMienMr  in Saamtr.  ISOB,  MtoiMt  fito 
Glctichorkunde.  Band  HI.  1909,  pp.  282-236;  Tiefbohrungen  an  Hintcrcisgletscher,  1909.  ibid.  Band  IV,  1901^ 
pp.  e(V-70;  Hess.  H.  Zur  Mechaoik  der  GletMbervorsUtose.  PetemuuuM  Geogr.  MitteOungen.  190S,  Heft.  V; 
Pn^eme  det  Gletadierkunde.  Zettaduift  fttr  GleUdwrkuiid^  Bud  I,  1906.  pp.  M1-S54;  Dia  Gtetacber. 
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vance  of  these  glaciers,  and  in  formulating  a  theory  of  tlie  nature  of  the  advance  we 
naturally  start  with  the  results  of  their  work  aa  a  basis.  The  advance  in  the  two  regions 
ii  dosely  analogous  in  main  characteriitiet  though  differing  in  cause,  rate  of  trans- 
focmation,  and  amomit  of  fonvaid  motioB;  bat  the  two  latter  differences  may  well  be 
DO  mora  than  what  would  normally  result  from  the  differraoe  in  cause, — in  the  one  case 
the  slow  accumulation  of  energy  and  ultimate  response  from  increase  in  snowfall,  in 
the  other,  rapid  application  of  the  same  cause  due  to  sudden  precipitation  of  snow 
into  the  reservoirs  from  the  valley  walls  and  corresponding  rapid  and  great  response 
in  the  lower  glacier. 

In  explaining  such  an  advance  of  glaciers  as  those  described  in  this  and  preceding 
ckaf^en  w»  cannot  assome  actual  flowage  or  tranrfer  of  ice  from  reservoir  to  twrninas 
because  ol  the  Iwavity  of  the  time  and  the  abmptneM  iriUi  idhidi  ikt  advance  passed 

through  the  glaciers.  It  is  inconceivable,  for  instance,  that  there  was  a  transfer  of 
material  through  the  15  miles  of  the  broken  Marvine  Glacier,  in  the  brief  period  of  a 
year  or  less.  Snow  that  falls  in  glacier  reservoirs,  changed  to  ice,  does  by  normal 
glacier  motion  ultimately,  in  the  course  of  a  score  of  years,  find  its  way  to  the  glacier 
frtrnt,  but  we  imagine  that  no  one  would  advance  the  hypothesis  that  glacier  motion 
eoold  «Bder  any  dieiiinftaiioas  beoome  ao  acodenfted  as  topennit  radi  tnuufer  at 
would  be  called  for  by  the  Alaslran  glacier  advancea. 

A  modificatioiief  this  hypothesis  that  is  less  difficult  to  concdre  is  that,  by  increase 
of  snow  in  the  reser\'oir,  a  condition  of  advance  is  started  in  the  upper  glacier,  and  that 
this  is  so  great  and  powerful  that  it  results  in  a  rapid  actual  forward  transfer  of  ice, 
causing  motion  in  the  glacier  of  far  greater  rapidity  than  normal.  By  this  rapid 
advance  the  glacier  surface  is  broken  and  a  thrust  is  applied  against  the  ice  in  front 
iHiidi  is  not  yet  in  sndi  rapid  motkm.  This  thrust  pvsliee  the  ice  forward  and  thus  • 
CKteade  the  brmHng  and  advance  bsyend  the  eone  actually  reached  by  the  ice  which  is 
moving  rapidly  forward.  In  other  wordi^  this  hypothcris  takes  as  the  basis  the  normal 
means  of  transfer  of  ice  in  glaciers,  but  supposes  an  accelcrntion  in  speed,  and  adds  to 
it  the  pushing  forward  and  consequent  breaking  up  of  tlie  rigid  stagnant  outer  ice, 
much  as  an  advancing  glacier  would  push  forward  the  wall  of  a  building  that  stood  in 
the  way. 

In  1906  this  hypetiiedi  leenied,  in  part  at  least,  a  possible  erpianation  of  the  «»- 
ditione  in  the  advandng  gfwTfTf  of  Yalnitat  Bay*  In  the  U^t  of  the  observations  of 

1000,  and  after  further  CCluSdetation  of  the  problem,  it  now  seems  to  us  an  inadequate 
explanation,  for  there  are  several  serious  objections  to  it.  In  the  first  place,  it  is 
doubtful  if,  even  with  the  most  rapid  glacier  motion  wc  could  assume,  the  wave  of 
advance  could  have  extended  as  far  down  the  glacier  by  1906  as  Uiis  exjjlanation  would 
demand;  and,  in  any  event,  it  should  have  been  preceded  by  breaking  in  the  upper 
Racier,  and  nei  have  abruptly  affected  the  enliie  gladCT,  lor  vtany  mike,  all  in  a 
petiodef  afewmeiifluu  Fnrthiegmoie,  it  leemi  eweedingly  doubtful  whether  sufficient 
thrust  could  be  applied  to  so  completely  break  the  surface  of  such  extensive  areas  as 
were  broken,  for  instance  in  the  Marvine  lobe  of  the  Malasjjina  by  the  1906  advance. 
Even  more  difficult  to  conceive  is  the  application  of  a  thrust  of  suflScient  force  to  push 
the  front  of  Hidden  Glacier  forward  two  miles.  Finally,  the  fact  that  the  advance 
ceased  abruptly  and  completely  immediately  after  the  breaking  of  the  ice  was  accom- 
pBibediaaseiioiiiobjeellon.  Had  thera  been  an  active  advance  feoni  behind,  poehing 
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the  stagnant  ice  forward  and  Ineaking  it.  there  could  hard|]r  hkVB  been  ao  abrupt  a 
tenninatkm,  for  after  the  first  thrust  further  fiowage  should  cause  continued  advance. 
Beeaoae  of  these  objections  we  feel  forced  to  set  this  hytwthens  aaide  m  improbdUe. 

Another  conceivable  hypothesis  is  that  the  sudden  addition  to  the  tqiper  portions 
of  the  glaciers  started  a  wave  in  the  ice,  which  was  transmitted  down-stream,  and  which 
was  transmitted  wholly  indejiendently  of  glacier  motion.  As  this  wave  paused  down 
the  glacier  it  broke  the  ice  surface,  and  since  it  moved  vrith  rapidity  it  transformed 
the  glacier  from  end  to  end  in  a  brief  period  of  time;  and  after  it  had  passed,  the  ice 
Mtnmed  to  its  nonnal  state  and  the  biokeii  surf aoe  was  given  over  to  the  proecsacs  ol 
aUation  to  heal.  We  oonfen  that  ire  find  this  hypothesis  difficult  of  oonosptkm,  and 
that  the  form  and  nature  of  movonent  of  the  mnre  is  not  clear.  If»  htmtmt^yncvM 
grant  the  passage  of  such  a  wave,  it  would  explain  some  of  the  phenomena  of  the  ad- 
vancing Yakutat  Bay  glaciers,  though  there  are  many  which  are  not  capable  of  explana- 
tion by  such  a  wave.  This  hypothesis,  for  instance,  would  not  explain  the  notable 
advance  of  the  front  of  the  glaciers.  To  carry  an  ice  front  forward  one  mile,  as  in  the 
ease  of  Haenke  Glacier,  and  two  miles,  as  in  the  case  of  the  ffidden  Glacier,  demanda 
an  actoal  transfer  of  ice.  With  such  a  passage  df  a  vrave  throu^  the  Racier,  so  far  as 
we  are  able  to  conceive  it,  we  should  expect  tiiat  nhea  it  reached  a  stagnant  piedmont 
bulb  it  would  spread  and  gradually  die  out,  as  was  the  rase  in  the  Variegated  and  Atre- 
vida  piedmont  areas.  But  in  Malaspina  Glacier  tlie  breaking  extended  many  miles 
down  the  Marvine  lobe,  without  spreading  laterally  westward;  in  other  words,  it 
f<dlowed  the  flow  lines  influenced  by  the  Marvine.  A  wave  in  the  ice  might  be  expected 
to  disregard  this  factor  and  pass  through  ice  vogardless  of  its  aonroe  of  origin;  and  a 
mvo  derived  tnm  an  impulse  set  up  in  the  Marvine  Glader  vaUey,  vroold,  it  seems  to 
UM,  on  passing  out  into  the  Malaspina  Glacier,  as  easily  spread  out  westward  into  the 
ice  supplied  by  the  Seward  Glacier  as  southward  along  the  Marvine  lobe.  A  third 
objection  is  the  thickening  of  the  ice,  especially  noticeable  in  the  piedmont  areas  of  the 
Variegated  Glacier  and  the  western  margin  of  the  Atrevida  Glacier.  In  these  places 
the  ice  has  the  appearance  of  having  flowed  out  there  as  a  thick  visooos  fluid  flows* 
In  this  connection  may  be  mentioned  the  development  of  the  dear  ice  area  in  the 
Atrevida  Glacier  wfaidi  we  are  wholly  unable  to  explain  on  the  hypothesis  of  the  pea* 
sage  of  a  wave  through  the  glacier.  These  facts  make  it  evident  that  a  mere  wave  ia 
inadequate  as  an  explanation  of  the  phenomena  of  the  advancing  Yakutat  Bay  glaciers. 
Any  theory  to  account  for  these  phenomena  must  explain  a  rapid  transfer  of  impulse 
from  far  up  the  glaciers,  probably  from  the  reservoir,  through  many  miles  of  hitherto 
stagnant  or  slowly  moving  ice,  and  accompanying  this  a  breaking  of  the  glacier  surface 
and  an  advance  oif  the  front,  a  spreading  <rf  the  margins  and  a  thichewing  of  the  glader* 
A  combination  of  the  theory  of  wave  motion  and  actual  flowage  will  aocoont  lor  theoe 
phenomena,  though  ndther  one  will  do  so  by  itself,  nor,  for  that  matter,  will  any  other 
theory  of  which  we  are  cognizant.  We  are  therefore  proposing,  as  an  explanation  of 
the  behaviour  of  the  Alaskan  glaciers  an  hyiK>thc8is  which  we  call  the  glacier  flood 
hypothesis. 

Under  the  glacier  flood  hypothesis  it  is  assumed  that  the  ice  of  a  glacier  ia  rigid  in  ita 
upper  portion  and  along  its  margins,  but  that  it  is  In  a  state  of  viscoeity  beneath  a 
i^d  crust;  that  is,  a  glader  has  its  lones  of  fracture  and  of  flowage,  like  the  esftik'a 
erust.  It  ia  further  assumed  that  the  degree  of  viacority  is  ineieased  1^  presmieb  and 


Digitized  by  Google 


THE  EARTHQUAKE  ADVANCE  THEORY 


that  with  the  development  of  viscosity  the  rate  of  possible  ice  flow  is  increased.  The 
TMiimiim  tliirlniMii  of  ^Mien  is  nitliir  mall  lor  great  increaie  of  viaoosity  by  ovar- 
liMidiiv  tlM  niiiMr  lagwrs,  but  the  pwawue  infemd  troold  be  not  only  direct  vertieal 
preaanro  of  upper  layers  on  lower*  but  abo  hydrostatic  pressure  of  heavily-loaded 
upper  portions  of  the  glacier  stream  on  the  parts  of  the  ice  farther  down-stream  and 
down  grade  from  the  portion  overloadtvi  hy  avalaiu-lies.  In  narrow  placiers  these 
avalanches  doubtless  went  clear  across  tiic  ice  tongue,  and  where  they  did  not  do  so, 
the  same  marginal  area  was  overloaded.  The  final  assumption  is  that  the  addition  of 
aaour  to  the  upper  glacfar  by  the  eject  of  earttqaake  ahaldng  started  a  wave  of  advance 
wtSA  by  applying  ^eeeuie  to  the  ice  in  fcont  induced  aodi  a  degree  of  viaooaity  that 
flonange  followed,  and  that  continued  and  waa  tianamitted  down  the  glacier  until  the 
eflfecta  of  the  advance  mwe  out  either  because  the  end  of  the  gbder  una  reached  w 
because  of  dissipation  in  an  expanded  piedmont  })ulb. 

By  the  glacier  flood  hypothesis  it  is  not  conceived  that  there  was  actual  transfer  of 
ice  from  the  glacier  head  to  the  glacier  end  within  the  brief  period  occupied  by  the 
•dvanee,  but  that  theie  waa,  neverthelcaa,  actual  viacous  flowage  of  the  lower  Ice 
thion^Mnit  practically  the  entire  brolDen  avea»  the  atate  of  inoreaaed  flowage  being  pro- 
gieaalmily  CKtanded  down  the  ^ader  untU  the  effects  of  the  thrust  died  out.  That  la 
to  say,  there  waa  a  wave-like  progreasion  of  a  thrust  down  the  glacier  which,  when 
applied,  temporarily  increased  the  viscosity  of  the  lower  ice  layers,  and  this  was  followed 
by  a  rapid  increase  in  the  ice  motion.  At  some  time  during  the  period  the  viscous 
lower  ice  layers  of  {)ractically  the  entire  glacier  flowed  forward  to  a  greater  or  less 
diatance,  but  no  single  portion  of  the  ice  advanced  even  a  considerable  part  of  the 
diatance  from  the  head  to  the  end  of  the  gUeier.  ^th  the  passage  of  thia  wave  and 
the  accompanying  flowage  of  the  Ice,  the  rigid  upper  crust  of  the  evader,  and  the  rigid 
aaaigins,  were  subjected  to  sudh  attains  that  the  glacier  was  broken  into  the  condition 
observed  in  the  advancing  glaciers.  The  hypothesis  further  conceives  that  there  was 
some  breaking  of  the  margins,  notably  in  the  thinner  parts  of. the  piedmont  areas,  by 
a  rigid  thrust  without  the  immediate  association  of  flowage. 

This  hypothesis  has  been  called  the  glacier  flood  hypotheab  because  of  the  resem- 
blance to  a  liver  flood.  Wtm  lain  lalla  heavily,  or  anow  meita  rapidly,  in  the  upper 
reaches  of  a  river  the  effect  of  the  sudden  increase  in  volume  extends  down-stream, 
aad  if  the  river  surface  is  covered  with  ice  this  is  broken  and  piled  up  as  the  rising  flood 
passes  beneath  it.  The  condition  of  the  advancing  Yakutat  Bay  glaciers  is  conceived 
by  this  flood  hypothesis  to  imitate  the  river  flood  in  such  important  ways  as  to  warrant 
a  comparison  between  the  two;  but  there  are  two  notable  differences,  first  the  difference 
in  rapidity  of  transfer  of  the  flood  effect  in  the  two  cases,  and  secondly  the  difference 
in  natove  of  the  flowage.  In  tiie  liver  the  flow  involves  the  tianafer  of  water  from  the 
Aiod  aouroe  to  the  river  mouth;  in  tlie  leader  thme  ia  no  auch  transfer.  There  are 
other  tfifferencea  of  minor  diasaeter,  but  of  aearoely  enou^  importance  for  atatement 
bare. 

The  glacier  flood  hypothesis  has  the  one  merit  that  all  the  other  hypotheses  lack; 
it  seems  to  account  for  all  the  facts.  With  the  passage  of  such  a  wave  and  the  associa- 
ted rapidity  of  flowage  of  the  under-ice  it  ia  easy  to  understand  the  accompanying 
biceking  of  the  anface  ice.  The  theoiy  acoounta  equally  well  for  the  fact,  obaerved 
in  the  advancing  Lucia  Glacier,  that  the  margins  of  the  glacier  are  more  broken  than 
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*|]ie  center,  as  if  there  were  a  dragging  and  a  lateral  shove  there.  It  explains  the  lateral 
spreading  of  the  glaciers  and  the  forward  motion  of  their  fronta  by  the  transfer  of  ioe 
crowded  hoth  laterally  and  forward  by  the  flowage  of  the  lower  ice  under  the  pressure 
of  the  thrust  from  behind.  It  accounts  for  the  uprising  of  clear  ice  areas  in  the  Atre- 
vida  and  Variegated  Glacier  bulbs,  alluded  to  on  a  later  page,  and  for  the  notable 
thiekniing  of  portions  d  these  bulbs.  By  this  hypothesis  it  is  eaqr  to  imdmstand  why 
the  breaking  of  Malaspiwa  Glacier  did  not  extend  far  westward  into  the  Seward  lobe^ 
but  was  practically  confined  to  that  portion  of  the  Mslaspina  whose  ioe  supply  u 
furnished  by  the  glacier  which  gave  rise  to  the  wave  of  advance.  Equally  well  does 
the  glacier  flood  hypothesis  explain  the  abrupt  beginning  and  abrupt  ending  of  the 
transformation,  for  the  advance  would  not  begin  until  the  thrust  was  applied,  and  its 
effects  would  terminate  soon  after  the  wave  had  swept  on. 

Since  the  glacier  flood  hypothesis  explains  all  the  facts,  while  other  hypotheses  fail 
in  significant  veapeets,  we  believe  that  it  occapiea  a  atrong  poaition.  Tliere  are^  hom^ 
cm,  two  objectiona  wfaich  will  appeal  more  or  leaa  atrongly  to  tbooe  wiio  givie  tida 
hypothesis  consideration.  One  of  these  is  the  rapidity  with  which  the  breaking  ex- 
tended throughout  the  glaciers.  It  is  to  be  noted,  however,  that  this  objection  would 
be  equally  strong  against  either  of  the  other  theories.  The  rapidity  of  progress  of  the 
advance  and  breaking,  when  once  begun,  is  a  fact  fully  established  by  observation,  and 
whatever  theoiy  is  proposed  in  explanation  of  the  change  must  of  necessity  assume 
that  tho  canaa  was  capaMe  of  operating  with  the  rapidity  ohaerred.  Sohrmimeim 
aee  it  ia  fully  aa  eaay  to  oonoeiye  anch  a  rapid  tranalonnation  under  tko  glaeier  flood 
hypothesis  as  under  any  of  the  other  hypotheses.  In  the  absence  of  more  exact  knowl- 
edge of  the  behavior  of  ice  in  glacier  motion,  it  is  not  poesiUe  togive  to  thisproblMn  the 
thorough  consideration  which  it  doubtless  deserves. 

If  we  may  assume  for  glaciers  a  state  of  viscous  flowage  in  those  parts  of  the  ice  under 
suilicient  pressure, — which  some  will  deny, — it  seems  reasonable  to  infer  that  there 
wfll  bo  an  increase  in  liquidity  under  increase  in  pressure^  Our  hypotheala  ia  that  Hm 
application  of  preasure  from  the  thrust  did  thua  incroaae  the  liqoidi^  of  the  ioe»  and  to 
a  aufficient  degree  to  bring  about  the  phen(»nena  of  advance,  thickening  and  breaking 
obaerved.  This  hypothesis  is  based  uptm  the  necessity  of  such  a  result  from  the  phe> 
nomena  observed  in  the  field,  which  force  us  to  the  theory  of  viscous  flowage  as  postu- 
lated under  the  glacier  flood  hypothesis.  We  make  no  pretention  of  discussing  the 
physical  aspect  of  the  subject,  and  until  tliere  is  more  knowledge  and  fuller  agreement 
vpon.  the  simplest  principles  of  the  behavior  of  ice  in  moving  glaciers  we  fed  that  tikere 
would  be  little  pn^t  in  audi  a  diacuaaion. 

The  second  ol^ection  wiiidi  some  will  urge  to  the  i^acier  flood  hypothesis  is  that 
•heady  hinted  at  in  the  last  paragraph,  namely  the  doubt  whether  glacier  ice  does  under 
any  conditions  behave  as  a  viscous  body.  Upon  this  subject  opinion  is  divided,  and 
while  some  believe  in  viscosity  of  glacier  ice  under  pressure,  others  are  equally  con- 
vinced of  its  impossibility.  Much  has  been  written,  on  this  subject  both  by  physicists 
and  by  geologists,  and  since  the  result  of  this  discussion  has  been  only  to  lead  to  a 
divided  opinion,  and  ainoe  the  diaeuaaiona  are  aooeaaiblo  to  nll>  and  known  to  moat 
atndenta  of  glacial  phenomena,  it  does  not  seem  neceasaiy  to  restate  or  even  abatract 
them  here.  Tlicre  are,  however,  some  phenomena  of  direct  observation  in  the  advanc- 
ing glaciers  of  Alaska,  and  some  considerations  deduced  from  these  observations,  which 
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seem  to  us  to  have  such  direct  bearing  on  the  problem  of  glacier  motion,  and  to  point 
to  viscous  flowage  as  the  mode  of  motion,  that  we  deem  them  worthy  of  specific  state- 

I       — — *  in  l]|u  j'iimmintlnn 

1       ^M&nMqf  Fmpom^.  H  it  is  granted  that  lh«re  has  been  actaal  transfer  of  inatwial 
in  the  adTUMsng  glaciers  of  Yakntat  Bay,  and  the  facts  render  no  other  conclusion 

,      possible,  we  may  ask  whether  any  of  the  other  theories  of  glacial  motion  than  that  of 
j      viscous  flowage  are  capable  of  aotounting  for  the  abrupt  transfer  of  ice  to  such  a 
'     degree  and  extent  as  is  observed?   As  a  result  of  our  consideration  of  this  question  we 
have  been  forced  to  the  conclusion  that  no  other  mode  of  motion  than  viscous  flowage 
can  be  appealed  to  in  «riplanation  of  tbe  tUckening,  spraading.  and  advance  of  these 
^aeien.  We  an,  el  eonne*  open  to  oonvietion  at  tnm  in  this  eonchuioii  if  it  can  be 
shown  by  those  iHio  accept  other  theories  of  ^UKaal  motion  that  any  one  of  them  caa 
explain  tlie  phenomena  of  the  advancing  glaciers.    The  motion,  whatever  its  nature 
may  have  been,  must  explain  the  faulting  and  linear  crevasses  on  the  Lucia  Glacier, 
I     the  increase  of  breaking  along  the  margin  and  the  piling  up  of  ice  on  the  stoss  side  of 
the  Luda  nunatak.   It  must  explain  the  system  of  crasoentic  cravasses  in  the  Atrevida 
<Haeierpfedinontbnib,  and  titeproooiuioed  thickening 

of  tlie  Varicgsted  Glader.  Farther,  it  must  aooonat  for  the  npiditj  of  all  the  chaogse 

and  the  notaUe  forward  motion  of  the  fronts  of  Haenke  and  Hidden  Glaciers,  one  and 
two  miles  respectively.  All  these  phenomena  are  but  natural  and  simple  results  of 
viscous  flowage  if  once  the  possibility  of  this  is  granted;  are  they  also  capable  of  expla- 
nation on  the  basis  of  other  theories  of  glacier  motion?  We  cannot  conceive  that  they 
are  and,  consequently,  because  of  the  failure  of  other  hypotheses  ara  driven  to  believe 
in  visooos  towage  as  tlie  mode  of  motion  in  these  advaadi^ 

In  addition  to  this  consideration,  thera  ara  some  significant  facts  bearing  on  the 
proUem  of  the  mode  of  moti<m  ot  the  glaciers.   One  of  these  is  die  appearanoe  of  dear 
ice  areas  in  parts  of  the  glacier  surface  which  prior  to  the  advance  were  overspread  with 
I      ablation  moraine.    This  is  observed  on  the  Variegated  Glacier  bulb  where  previously- 
'     existing  moraines  were  swept  forward,  the  area  of  clear  ice  extended  beyond  the  moun- 
tain vdley  to  a  portion  of  the  surface  formerly  covered  by  moraine,  and  a  new  area  of 
dear  fee  fntrodneed  between  moraines  ha  out  in  the  area  of  foimer  abl»tk>n  moraines. 
I     It  Is  own  more  deariy  illustrated  in  Atrevida  (Sader,  iriiers  an  extausve  area  of  dear 
I     ice  appearsd  ill  1900  In  the  midst  of  moraine-ooversd  fee  and  in  a  position  where  in 
1905  there  was  a  uniform  sheet  of  ablation  moraine.    Here  also  the  ice  layers  are  highly 
,      inclined  as  if  there  was  uprising  from  below.    We  can  readily  explain  these  facts  on  the 
!     hypothesis  of  viscous  under-flowage  and  local  uprising  of  ice  from  below,  pushing  the 
moraine-covoed  ice  aside  in  certain  favorable  localities,  the  ice  becoming  crevassed 
after  it  rose  to  the  suzfaoe  and  was  released  from  strain,  as  1906  photographs  show. 
I     We  are  iriidly  at  a  loss  to  account  for  it  on  tasy  other  mode  of  ioe  motion. 

That  the  lower  ioe  of  a  ^ader  is  in  a  state  rssembling  plastidty,  and  wholly  in 
contrast  to  the  upper  ice,  is  suggested  by  the  crevasses  which  break  so  many  glacier 
mtrfaccs.  But  in  the  advancing  glaciers  of  Yakulat  Bay  we  have  a  better  chance  of 
staciying  and  understanding  these  crevasses  than  usual.  They  did  not  exist  before  the 
advance,  they  were  then  devdoped  in  extraordinary  numben,  and  then  at  once  their 
I  esnse  oeased  and  thsgr  began  to  be  destroyed  by  the  ablation  of  the  ice  suifaoe.  The 
conditioBS  under  wiiich  these  cwvsists  wen  devdoped,  we  may  fdrly  assume,  were 
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mdi  as  to  give  rise  to  tliedeq»est  potable  Iweddiig.  We,thefefoie,]iAveolMenr«tioMl 
date  for  trsdng  tbe  life  liistoiy  of  a  flystem  of  pcofound  crevasses;  and  the  Msnlt  is^ 
what  is  well  known  from  the  study  of  othercfevaases  more aocmaUy  produced, — iiBme|7» 
that  they  are  raere  surface  fissures  in  the  very  upper  parts  of  the  glacier.  One  or  two 
hundred  feet  of  ablation  lowers  the  ice  surface  to  their  bottoms,  and  below  that  the 
ice  is  unbroken.  Yet  surely  the  lower  ice  was  subjected  to  a  profound  straining  of 
such  abrupt  nature  that  it  should  have  responded  by  fissuring  if  its  coodition  had  pcr- 
nutted.  lee  in  a  state  of  plasticity  such  as  the  theoiy  of  visooqs  flowage  demands, 
could  not  be  fissured  by  even  the  abrupt  and  powerful  strains  wfaidi  aooompaaied  tke 
advance  of  the  glaciers;  bat  ioe  in  a  condition  demanded  by  theories  not  inTolvmg  » 
state  of  plasticity  would  be  expected  to  yield  to  such  strains  by  fissuring. 

We  cannot  observe  the  condition  of  glacier  ice  in  motion,  and  experimentation  has 
so  far  not  even  approximately  duplicated  the  conditions  existing  in  the  interior  and 
bottoms  of  glaciers.  These  facts  account  in  part  for  the  failure  of  iuferencei?  from 
theoietical  ooosideffatioDs  of  tbe  problem  to  bring  forth  results  whidi  are  convincing  to 
aU.  In  these  studies  of  the  problem,  known  facts  have  hem  conaidmd  in  the  devdop> 
ment  of  theoqr*  but  tiie  facts  are  partly  unknown,  and  there  is  necessity  of  assumption 
which  if  incorrect  removes  the  foundation  of  the  theory.  In  all  of  the  theories  of  glacial 
motion  there  are  assumptions  upon  which  there  is  not  general  agreement, — hence  the 
failure  of  even  the  most  ehiborately  argued  theories  to  receive  universal  acceptance. 
The  theory  of  viscous  flowage  has  lost  favor  with  some  students  of  the  subject  of  glacial 
motion  by  reason  of  the  fact  that  Racier  ioe  is  a  ciystalline  rode;  and  tlueassumptitNi 
has  been  made  that  this  condition  and  the  supposed  inability  to  hold  stones  in  the 
bottom  and  perform  glacial  erosion  are  incompatible  with  viscosity.  Partly  upon  the 
basis  of  these  assumptions  several  elaborate  hypotheses  have  been  put  forth  as  a  sul^ 
stitute  for  the  theory  of  viscous  flowage,  which  has  numerous  adherents. 

Still  maintaining  our  determination  not  to  enter  into  a  discussion  of  the  literature 
on  the  physics  of  glacier  motion,  and  confining  ourselves  primarily  to  a  statement  of 
facts  of  observation  and  the  conclusions  to  which  they  lead,  we  will  state  some  facts 
observed  in  the  Yakutot  Bay  region  wiiidi  we  believe  have  a  <fireet  bearing  on  the 
problem  of  the  condition  ci  glader  ice.  While  there,  as  in  other  legions,  we  caaaot 
make  direct  observations  on  the  condition  of  a  large  glacier  from  top  to  bottom,  we 
nevertheless  have  samples  of  the  glacier  ice,  from  different  parts  of  the  glacier,  supplied 
to  us  for  observation  in  the  form  of  innumerable  icebergs,  floating  in  the  waters  of  the 
fiord  and  stranded  on  its  beaches.  From  a  study  of  these  and  of  the  clear  glacier 
smfaoes,  sides  of  crevasses,  and  ice  difis  of  the  glacien  we  can  fom  some  idea  of  the 
nature  of  the  i^acier  from  top  to  bottom. 

The  largest  of  the  glaciers,  the  Hubbard,  presents  an  ice  cliff  of  maiUe  whiteneas 
some  three  hundred  feet  high,  the  upper  half  more  or  less  profoundly  crevassed.  What 
lies  beneath  the  water  level  is  hidden,  but  the  appearance  of  icebergs  black  with  debris, 
and  the  abundance  of  d^bris-cliarged  bergs  in  the  waters  of  the  fiord  lead  us  to  conclude 
that  the  very  lowest  layers  arc  heavily  burdened  with  morainic  materials.  Among 
the  thousands  of  icebergs  floating  in  the  fiord  and  stranded  on  its  shores  about  two- 
thirds  are  whitish  and  one>third  are  glassy,  as  shown  by  repeated  observations  at 
favorable  localities  (PL  LXXIX,  B) .  Sonic  large  bergs  are  entirely  glassy,  some  entirely 
whitish,  and  some  have  bands  of  white  and  glasay  iooi  the  prc^Nntions  vaiytng  in  dif- 
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ferent  bop.  Th»  iriiite  bergs  owe  their  color  to  the  pwcuco  of  great  numbert  of 
included  air  bubbles,  all  of  nnall  oat,  and  often  very  doeelj  spaced;  the  ^aaqr  be^ga 
have  fewer  air  bubbles  and  sometiiiiei  none  at  all.  In  geBeial  the  white  bergs  are  the 

more  finely-cn'stalline,  though  many  of  them  are  coarsely-orystalline;  but  the  glassy 
bergs  arc  always  coarsely-crystalline.  We  assume  that  the  air  bubbles  of  the  white 
bergs  represent  air  imprisoned  in  the  course  of  snow  accumulation  in  the  upper  por- 
tions of  the  glacier  and  included  in  the  ice  during  its  crystallization. 

Yiby  is  there  tUa  diffawnee  in  the  ioe  from  the  same  glacierB?  The  obvioiii  aafiver 
ii  that  it  ia  doe  to  poaition  in  tlia  gbcier,  the  glaiay*  eoaiaelif -cqratalline  beivi  beinf 
from  the  lower  ice,  the  more  finely  crystalline,  air-charged,  white  ioe  from  the  mpper 
portion;  but  in  those  frontal  portions  of  glaciers  where  ablation  has  removed  much  of 
the  upj)er  ioe,  coarsely-crystalline  ice  forms  the  surface.  This  conclusion  is  supported 
by  two  facts:  (1)  the  part  of  the  glacier  front  above  the  water  in  the  ice  cliffs  is  white; 
(8)  although  some  white  bergs  contain  debris,  the  most  heavily  charged  icebergs  are 
isvanably  glassy.  The  proUem  then  reiolYee  itself  into  the  qneatioiit  iihj  is  tiie  upper 
iee  daiged  with  air  bubbles  iHiile  in  the  lower  ice  there  is  no  such  abtmdaaoe  of  air 
hobbles?  We  have  tried  to  conceive  of  conditions  under  which  this  difference  in  ice 
condition  could  be  brought  about.  It  is  inconceivable  that  the  lower  ioe  originally 
contained  less  imprisoned  air  than  the  upper  ice.  for  it  is  from  the  same  source  of  snow- 
fall, compacted  and  consolidated  into  the  crystalline  ice.  Wc  are  forced  to  conclude, 
therefore,  that  the  air  originally  included  in  the  lower  region  of  glassy  ice  has  been 
<iiinmated  in  the  eomse  of  development  of  the  ooaisely-crystafliBe  atraeUue.  Tliat 
such  oHmiiiatioii  has  beni  in  progicsB  within  the  ^ader  is  indicated  by  the  fact  that 
air  bubbles  are  present  in  great  abundance  in  some  coarsely-crystalline  ice  and  in  all 
the  finely-crystalline  bei|gk  9y  this  fact  we  are  forced  to  the  conclusion  that  in  some 
parts  of  the  ice  there  are  unusual  conditions  which  permit  the  elimination  of  included 
air  bubbles  and  that  these  conditions  prevail  nuun]y«  if  not  entirely,  in  the  bottom 
layers  of  the  glacier. 

From  the  consideration  of  the  problem  which  we  have  been  able  to  give  we  can  find 
but  (me  erphuiation  that  is  capable  of  accounting  lor  these  fiiets.  We  aoeordinglj 
propose  as  an  hypothesis  that  the  lower  portion  of  the  glader  is  in  a  condition  of  sulB- 

eient  viscosity  to  loroe  the  escape  of  the  included  air  bubbles,  which,  rising,  become 
included  in  the  upper  area  of  viscosity,  giving  rise  to  that  layer  of  ice  from  wliich  some 
of  the  whitest  icebergs  are  derived.  Whether  the  coarsely-crjstalline  structure  is 
present  in  the  viscous  ice,  or  whether  it  develops  as  the  front  of  the  glacier  is  neared* 
and  the  pressure  relieved,  is  not  indicated  by  any  facts  which  we  have  observed. 

IVom  the  above  statement  of  facta,  and  from  the  consideratioa  of  the  infetenoes 
vhieh  seem  to  be  wananted  from  them,  we  are  led  from  variona  pointa  of  view  to  the 
same  result.  We  are  wholly  unable  to  understand  the  phenomena  observed  in  the 
Yakutat  Bay  region  without  resort  to  the  theory  of  viscous  flowage.  By  this  theory 
all  phenomena  are  readily  explained,  while  by  any  other  theory  we  find  ourselves  con- 
fronted by  grave  difficulties  in  accountin^^  for  some  of  the  phenomena.  We  arc,  there- 
fore, forced  to  believe  that  the  theory  of  ^'iscous  ice  motion  has  foundation,  and  tiiat 
the  phenomeiw  of  the  advancing  gladm  of  YalDotat  Bay  are  an  ezpressloii  of  as  unosii- 
aQy  active  phaae  of  sneh  flowage. 

Xadfc  €f  SmUar  A4ftme$  EUtwk$M,  Were  it  not  for  the  spectacular  nature  of  the 
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tnaufonnation  of  the  advancing  Yakutat  Bay  glaciers  it  might  be  urged  against  tta 
theoiy  of  advance  under  the  impulse  of  earthquake  ■hf|JH»g  that  the  fact  tliat  analogova 
advance  in  otlicr  regions  had  not  been  observed  was  opposed  to  this  theo^\^  Such  an 
objection  would  have  some  force  if  the  advance  were  the  result  of  ordinary  changes,  to 
be  commonly  expected  in  regions  of  glaciation;  but  it  lacks  force  in  view  of  the  excep- 
tional conditions  under  which  such  an  advance  is  possible.  Only  by  tlie  combination 
of  vigofons  earth  whalring  and  heavy  snow  covOT  in  anstabbpontions,  can  such  a  potabfe 
advance  be  brou^t  about.  The  latter  oonditicm  is  oommonly  present  in  the  hi^er 
mountains  from  which  good-siMd  i^aciers  flow,  thou^  rarely  ia  MieJl  a  degree  as  in  the 
Alaskan  coast  ranges;  but  vigorous  earth  shaking  is  not  so  common.  Even  in  Alaska, 
a  region  of  abundant  earthquakes,  such  shaking  as  that  of  1899  must  be  rare;  and 
although  we  have  record  of  many  earthquakes,  both  before  and  after  1899,  we  have 
heard  of  no  shaking  in  Alaska  between  1788  and  1918  that  equals  this  period  either  in 
intensity  win  duration.  The  Alps,  ^oae^aoMn  have  been  ttadiedwfth  greater  caie 
and  for  a  longer  time  than  any  other  region*  is  not  a  section  of  abmulant,  great  eartib- 
quakes.  In  other  regions  of  earthquake-shaken  mountains,  like  the  Caucasus  and  the 
Himalayas,  the  glaciers  have  been  little  studied.  We  hold,  therefore,  that  in  some 
glacial  regions  an  advance  even  approximating  that  of  the  Yakutat  Bay  glaciers  is  not 
to  be  expected;  and  even  in  those  regions  where  a  similar  transformation  may  be  looked 
for,  it  could  cmne  only  at  intervals  many  years  apart.  It  is  our  opinion,  that  the 
phenomenon.  In  anytUng  Hke  the  degree  observed  In  the  Yakutat  Bay  region,  is  of 
laie  occurrence,  wliidi  is  the  main  reason  why  it  has  not  hitherto  been  obsMved. 

There  is  the  further  fact  that  the  oyde  of  the  advance  is  completed  in  such  a  brief 
period  of  time  that  an  observer  mtist  he  on  hand  at  just  the  right  time  to  detect  it, 
and  he  must  have  knowledge  of  the  previous  condition  of  the  glacier  and  the  position 
of  its  front.  For  instance,  if  we  had  not  had  Russell's  description  and  photographs 
of  1890  and  1801  we  would  not  have  known  of  the  change  in  Galiano  Glacier;  had 
Gilbert  not  observed  Vsriegated  Glsder  In  1899  and  we  In  1905,  we  wmdd  In  1909 
have  naturally  assumed  that  the  broken  condition  was  noimal  to  it.  Similar  state- 
ments mi|^t  be  made  about  tiie  other  advancing  ^aders.  Moreover,  even  if  w» 
had  previous  observations  as  a  basis  for  comparison,  since  the  advance  stops  so 
abruptly,  in  a  year  or  less,  not  going  on  for  several  years,  as  under  normal  climatic 
control,  and  since  ablation  so  quickly  heaJs  the  broken  surface,  a  cycle  of  advance 
might  pass  completely  without  detection,  if  the  period  between  observatioas  were 
five  or  ten  years.  It  is  also  to  be  noted,  tlmt  if  a  glacier  suifisoe  were  nonually  er^ 
vassed,  as  Hubbaid,  Tamer,  and  Nunatak  Glaciers  are^  the  evidence  of  diange 
would  not  be  so  easy  of  detection  as  in  the  uncrevassed,  stagnant  glacier  ends. 

By  good  fortune  our  expeditions  to  Yakutat  Bay  were  timed  just  right  for  the  detec- 
tion of  the  advances,  and  they  had  the  advantage  of  having  available  the  results  of 
the  previous  expeditions  by  Russell  and  Gilbert.  There  may  have  been  similar  ad- 
vances in  other  remote  regions  of  heavy  snowfall  and  great  earthquakes,  say  in  Alaska, 
or  the  Caucasus,  or  the  Himalayas,  whidi  have  failed  of  detection  because  of  the  lade 
of  successive  expeditions  properly  timed  to  note  the  evitoces  of  diange.  Haee,  ant 
only  are  there  few  regions  where  spasmodic  advance  of  glaciers  in  response  to  earth- 
quake shaking  is  to  be  expeeted,  and  even  there  only  at  long^s^Mirated  intervals;  but 
the  chance  of  discovery  of  the  evidence  of  such  advance,  and  the  correlation  of  it  with 
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fts  esoMb  IB  thoM  raaole  vogioni  nbcn  the  eomittMns  an  fitTondbK  but  nUeh  an  m 
jtA  littfo  sbidied,  ii  00  diglit  lhait,  ^nm.  tbou^  advanoe  ooeun*  it  magr  be  mudetoctod. 

Other  Advancing  Glaeiert.  With  the  discovery  of  a  new  cause  for  the  advance  ol 
glaciers,  which  cannot  have  been  considered  in  tlie  explanations  of  glacier  advances 
observed  prior  to  this,  we  naturally  consider  the  question  whether  the  new  theory  will 
not  explain  some  of  tlie  old  advances.  We  have  not  found  time  to  make  an  exhaustive 
study  the  literature  of  advauiciug  glaciers  outside  of  Alaska  to  see  whether  there  are 
iadieatioiii  Uiat  tliii  nenr  thaoiy  will  apply  to  any  of  the  old  caiee.  We  have  been 
delemd  ham  mdertakiiig  it  partly  became  of  the  deiive  to  liave  tlie  tiieofgr  diflcaaied 
and  farther  observations  made  first,  and  partly  because  there  seems  at  least  an  even 
dianoe  that  such  a  study  of  the  literature  would  end  only  in  inconclusive  results,  since 
critical  observations  may  not  be  recorded.  It  is,  for  example,  possible  that  the  reported 
great  advance  of  some  of  the  Himalayan  glaciers,  and  the  notable  advance  and  trans- 
formation of  Sefstrdm  Glacier  in  Spitsbergen  between  1882  and  1896,  and  of  the  neigh- 
boring Wablanberg  Glader  between  1898  and  1906,  while  other  noghboring  giaders 
were  needing^  naj  be  a  leqMwae  to  the  inflnnnfie  of  earthqaake  ahalrfng  of  an  onde- 
tenniBed  period 

There  are  two  points  of  a  gmeral  nature  bearing  on  this  subject  which  we  wish  to  make 
before  considering  the  possible  extension  of  the  earthquake  Uieory  to  other  advancing 
glaciers  of  Alaska.  One  of  these  is  the  proposition  that  in  small  glaciers  with  broad 
reservoirs,  like  the  Vemagt  Glacier  in  the  Tyrol,  the  phenomena  of  advance  as  the  result 
of  the  fall  of  unusual  numbers  of  avalandiei  without  earthquake  shaking  would  imitate 
ttoee  of  tiie  advance  of  higw  i^adfln  under  tlie  fanpnlio  of  more  avahmdiing  vndw 
vigwons  earthquake  shaking.  Two  cases  of  the  Utter  sort  are  the  little  Bovciyre  Glacier 
.in  Valais,  Switzerland,  which  advanced  because  of  great  increase  of  material  due  to  an 
a^danche,  and  the  Stutfield  Glacier  of  Canada  which  advanced  about  half  a  mile  and 
destroyed  a  fringing  forest,  when  covered  with  debris  by  great  avalanches. 

The  second  proposition  is  that  in  larger  glaciers  moderate  avalanching  under  the  influ- 
ence of  moderate  earthquake  shaking  would  result  in  a  response  of  far  less  vigor  and 
estent  than  that  <4M«nredlBl]wYakiitat  Bay  ghMieta.  U  this  pioporition  is  ooiveet, 
it  ia  reaeonable  to  eqteet  that  aome  advanoea  of  moderate  amoimt,  and  even  witiraut 
aeeomiMaoring  breaking  of  the  surface,  nuqr  follow  earthquake  shaking  in  the  snowfield 
lei^OiD.  It  is  well  established  that  there  are  moderate  fluctuations  of  glacier  fronts  in  the 
Alps,  and  elsewhere,  as  a  result  of  climatic  variations;  but  there  are  also  exceptional 
changes  in  position  of  tlie  ice  fronts.  The  application  of  the  avalanche  theorj',  either  as 
a  result  of  earthquake  shaking  or  of  other  cause,  to  some  such  variations  in  glaciers  is 
pneaihlei  It  will  be  interesting  to  see  the  tlwory  put  to  a  teat  in  aome  audi  coae. 

la  Alanka,  outside  the  Yakutat  Bay  nffotk,  there  have  been  many  changes  in  the  pod- 
tion  of  glacier  fronts  within  the  period  of  observation,  and  some  of  these  may  be  due  to 
the  effects  of  earthquake  shaking.  Unfortunately  observations  on  most  of  these  glaciers 
are  of  too  limited  a  nature,  and  for  too  short  a  time,  and  our  knowledge  of  the  extent  and 
nature  of  preceding  earth(jimke  sluM-ks,  and  of  tlie  amount  and  variation  of  the  snowfall 
of  the  Alaskan  coastal  region,  is  too  slight  to  permit  us  to  enter  into  a  full  or  conclusive 
dbcMssion  of  the  possibie  cause  for  these  variathms.  Yet  thorn  are  some  notaUe  facts 
h^adinc  to  tentative  cotidnsions,  whidi  may  be  stated. 

Jn  1898  BnsseH  wrote  hia  paper  on  CUmatie  Ghangea  Indicated  fay  the  Glaciers  of 
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North  America,^  in  wludi  he  states  that  "the  evidence  that  a  genml  wtoeatofthe  f^aciefs 

of  Alaska  is  still  in  progicaa  is  abundant,  and  in  a  few  instances  of  quantitative  value.** 
In  Alaska  the  only  advances  mentioned  by  Russell  were  the  comparatively  recent  ad- 
vance of  part  of  the  border  of  Malaspina  Glacier  near  Pt.  Manby,  from  which  the  ice 
had  retreated  1500  feet  in  1891  when  observed  by  Russell,  and  the  advancing  Frederika 
Gbder  of  the  Wrangell  Mknnitatns,  observed  by  Hayes  in  1891,  and  cited  by  Russell  as 

the  only  instance  of  an  advandog  i^acier  kii0im  oa  the  west  coast 
He  eondndes  that  "Uie  data  lelating  to  both  the  fluctuations  of  gladflfs  and  to  dimatie 
changes  are  inadequate  for  satisfactory  comparison^**  aad  that  "the  gronrth  of  glaciers 
and  the  initiation  and  decline  of  glacial  epochs,  are  caused  by  very  gradual  climatic 
changes  which  would  only  become  conspicuous,  as  climatic  changes  are  now  studied* 
after  the  lapse  of  centuries. " 

Gilbert,  after  his  gladcritodiai  In  18Q0,*  when  he  mentions  a  few  other  advanoea  aad 
letveats  not  cited  by  BiisseD,  oonduded  that  the  lack  of  parallelism  betwsen  vaiiatioBS 
of  gladera  and  different  groups  of  gladers  in  Alaska  iHioae  disparities  are  of  laj^ger  scale 
than  those  of  the  Alps,  just  as  the  glaciation  is  of  larger  scale,  might  not  be  explained  fay 
either  of  two  prominent  climatic  hypotheses,  to  each  of  which  there  are  <Kfl5culties  of 
application  hc(  ause  the  glacial  and  climatic  data  are  indefinite,  and  because  in  climatic 
units  in  Alaska  there  is  no  known  unity  of  glacier  variation.  He  felt,  however,  that  the 
esplanatiaai  must  be  dimatie  rather  than  diastrophic  and  made  a  suggestion  that  "the 
oombinatkm  of  a  climatic  chaafeof  a  general  diancter  witb  local  conditioiis  of  vadad 
character,  may  reauU  in  local  leader  variations  wfaidi  are  not  only  aaei|uat  but  oppodte. " 
The  climatic  change  postulated  is  a  diange  in  tile  temperature  of  the  water  of  the  Gulf  of 
Alaska.  With  the  water  becoming  warmer  and  all  other  facUm  affectiag  gladatioa 
remaining  unchanged,  "the  consequences  would  include: 

1.  A  higher  temperature  for  the  air  currents  flowing  from  the  gulf  to  the  land. 

2.  A  greatcrooirtrart  in  temperature  between  the  coastal  bdt  aad  the  interior  of  Alaska, 
espedaUy  in  winter. 

8.  Greater  evapoiatioa  from  the  ooeaa  aad  a  hi^kwhunudity  for  the  laadwaid'^Qiwiag 

air — resulting  from  1. 

4.  Greater  precipitation  on  the  mountains,  especially  in  winter — resulting  from  2  and  3. 

5.  A  shorter  annual  period  in  which  predpitation  takes  the  form  of  snow — ^resulting 
from  1. 

tf.  A  probably)  lower  ratio  of  aaow  to  faiBr---fe8ulting  from  5,  qualified  by  4* 

7.  A  hitler  snow  line^ 

8.  Moceiapidwastoof  ice  aad  snow  fay  evaporation  aad  nieltiag—nsaltiag  from  l,f 

and  7. 

Of  these  consequences,  the  increase  of  precipitntion  would  tend  to  enlarge  glaciers, 
while  the  lessened  ratio  of  snow  predpitation  and  the  enhanced  wasting  would  tend  to 
reduce  them. 

Evidently  a  loweiing  of  the  temperatare  of  the  gulf  water  woeU  be  foUofPied  fay  the 
reverse  ronsequenoes.  '* 
As  is  dioim  in  other  chapters  of  this  bode,  there  have  been  many  other  gladaladvaaoea 

>BvMdl,  L     AflMT.  GfloL.  Yd.  EL  18BI;  pp.  m-<W;  GlMien cf  North  AaNrioi,  Barton IMfl^  PP^l^t- 

159. 

■  Gilbert,  G.  IL,  HMiioMa  Alaika  £xpedHk».  Vol.  UI.  1904.  pp.  KM-lli. 
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in  Alaska,  beaickfl  those  in  Yakutat  Bay.^  For  example,  Muir  Glacier  advanced  about  300 
juds  brtiDMn  1800  and  18Qt;  BitttnottGlMMivMaidnuMiDgaaddeitro}^^ 
lWl;Takn6]adarliiidftdi8litiietaihaaeebebmk  1800  and  1005;  Bndy  Qaoer 
advanced  5  miles  betwew  17M  and  1894*  the  destruction  of  trees  l)eing  in  progress  in 
1880;  LaPerouse  Glacier  was  advancing  and  destroying  forest  in  1895,  but  ceased  before 
1899,  readvancing  into  the  forest  once  more  between  1909  and  1910;  two  of  the  Lituya 
Bay  glaciers  advanced  two  and  a  half  and  three  miles  respectively  between  17SG  and  1894, 
one  advancing  another  half  mile  between  1894  and  1906;  the  Alsek  river  terminus  of  the 
Grand  Padfie  tlmnigh-glaciarinMadvaneiQf  and  daitroying  another  gla- 

der  coming  into  tiiaAlwk  valley  twmAaiiiBit,  and  eoi^^ 

Yakutat  Racier  ^stem,  though  inactive  in  1906  and  1908,  possibly  advanced  in  1909;  a 
small  glacier  opposite  tiie  Frederika  Glacier  in  the  Wrangell  Mountains  was  advancing  in 
1908;  Childs  Glacier  advanced  in  1910;  Logan  Glacier,  north  of  Mt.  St.  Elias,  advanced  in 
1912,  after  at  least  200  years  of  inactivity;  Rainy  Hollow  Glacier  advanced  2000  feet  in  8 
months  in  1910;  Rendu  Glacier  in  Glacier  Bay  advanced  1|  miles  between  1907  and  1911 ; 
an  adjaMBk  aaioading  gladeradvnnoadimBain  1011;  GnuidFMi6e6IaeMr  advanced 
about  4000  fbet  faalran  Angoit,  1010,  and  Sqytember.  1010,  and  tbiee  oChar  ioe  tongiM 
m  Gkcier  Bay  were  moving  forward  in  1918.  In  these  and  many  other  pafta  of  Alaakn 
some  glaciers  have,  in  general,  been  retreating  steadily  \i-ithin  historic  times. 

Our  ovm  view  would  now  be  that  any  or  all  of  the  advances  of  Alaskan  glaciers  cited 
miglit  be  due  to  cartliquake  avalanching  rather  than  climatiL*  variations,  the  earthquake 
data  being  no  more  incomplete  than  the  dimatic  data.  Indeed,  in  view  of  the  Yakutat 
Bay  caaes»  tbo  giealcr  advancei,  aoeli  aa  the  tO  mOo  advance  of  Malaapinn  Glaciar 
described  in  Cbapter  m,  tbo  0  inBe  moveoMiit  of  Bndy  Glacier  and  tbo  ft  to  8  mile 
advanoca  of  the  Lituya  Bay  gladcta,  ate  far  more  suggestive  of  qpaamodic  earthquake 
advances  than  of  climatic  variation,  and  some  of  the  smaller  ones  may  be  due  to  earth- 
quakes and  some  to  climatic  oscillations.  These  glaciatfd  mountains  are  known  to  bo 
frequently  shaken  by  severe  eartliquakes.* 

If  avalanching  during  the  1800  earthquakes  of  Yakutat  Bay  caused  the  advance  of  the 
glaekta  there  dniing  tbo  cncoing  ten  or  more  years,  then  it  ought  to  be  oaicfoUy  con- 
Aieeed  nbctfaer  similar  avalanching  in  the  anoiw4aden  FMwreathcr  Range  mig^t  not  have 
caused  the  ft  and  3  mile  advances  of  the  Lituya  Bay  glaciers  between  178G  and  1894  as  a 
result  of  the  earthquakes  felt  at  Sitka  in  either  1843.  1847,  18G1,  or  1880;  whether  the 
same  earthquake  did  not  cause  avalan^  liing  which  resulted  in  the  5  mile  advance  of  Urady 
Glacier  between  1794  and  1894;  and  whether  tlie  cartliquake  of  1900  in  tlie  Chuj^ach 
Mountains  did  not  similarly  cause  the  slight  advances  of  Valdez,  Shoup,  Columbia  and 
adjacent  ^aden,  as  some  eariier  fiarttM|nalw>  may  bavt  caused  tbo  180ft  advance  of 
Colomlm  Glacier,  tbo  1800-Oft  advance  of  Muir  GbMier,  and  the  otbend  Manyof 
the  minor  osdSations  like  the  last  mentioned  might  be  dimatic,  though  that  leaves  their 
localization  imexplained.  It  is  just  as  logical  to  assume  that  they  were  not  climatic, 
since  the  earthquake  explanation  does  account  for  the  localisation,  as  it  is  to  assign 
to  them  a  climatic  cause. 

■  For  a  more  complete  list  of  such  advances,  see  Martin.  LawTCBM^  GruUebook  No*  10,  BBSVrion  C  8, 
International  Geological  Gugreas,  Ottawa,  191S,  pp.  157-102. 

•  MMiiib  Lnman^  lbs  Ahdtaa  BttthqnshM  of  U9fl^  BdL  GcoL  Soe.  Am.,  Vol.  XXL  lUQl  Vfi.  SS»- 
406}  Tag,  B.  &  sad  Msitia,  Umose^  IVniwdoari  Bip»  JMI.  a  GooL  Bmtj,  lilt. 
It 
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AppBeaHon  to  Former  Greater  Expanmon  of  Glaciers.  In  Yakutat  Bay  itself  there 
has  been  a  comparatively  recent  advance  of  the  glaciers,  during  which  Ntinatak  and 
Hidden  Glaciers  pushed  forward  until  they  united  and  extended  their  combined  gla- 
cier front  far  up  Russell  Fiord.'  The  Russell  Fiord  Glacier  was  then  between  1;>  and 
20  miles  farther  down  the  fiord  than  the  front  of  Nunatak  Glacier  has  been  at  any 
Ijine  ailloe  its  diaeamj,  and  between  10  uid  15  mike  liitlMr  than  Hidden  Glaeiflr 
itc/alL  Tb»  wgpaniiinn  ot  Tumer  and  Hubbard  CMacien  may  ba^  been  leee  notably 
but  still  great,  a  branch  of  the  expanded  Hubbard-Variegated  Glacier  perhaps  joining 
the  Russell  Fiord  Glacier.  The  evidence  of  tliis  advance  is  a  series  of  stratified  glacial 
gravels  overridden  by  the  ice  and  thereby  sculptured  by  glacial  erosion  and  veneered 
by  a  deposit  of  unassorted  till,  bowlders,  and  other  glacial  debris,  while  at  the  licad  of 
Russell  Fiord  is  an  abandoned  lake  beach,  formed  by  the  waters  held  in  beliiud  Uie  ice 
dam.  Tbat  the  period  ot  ioe  advaaoe  wm  brief  is  proved  bj  the  £act  that  its  eMMaon 
did  notanocead  iniemoving  the  gm.Tela aoeunakted  befoie  Hieadvanoe.  Until  1000- 
07  Glacier  was  still  receding  from  its  advanced  position,  and  feocssion  was  stiO 

in  progress  in  Nunatak  Glacier  till  1909-10.  The  evidence  that  tlie  recession  had  been 
rapid,  and  that  tlie  iK'ritxl  even  of  maximum  expansion  was  recent  is  complete,  for  on 
the  outer  part  of  the  area  reached  by  the  glacier,  and  on  and  below  the  level  of  the  lake 
beach,  the  forest  has  not  yet  reached  the  mature  stage,  while  between  this  and  the 
l^aeier  the  vegetation  dimininhf  in  age  and  atage  of  development,  and  lor  n  diataace  of 
aeveial  milea  from  the  glacier  fronts  only  ammal  and  perennial  plants  and  individual 
young  alder  and ipillow  bushes  are  growing.  Similar oonditiona  occorinfrontof  Hubbaid 
Glacier  in  Russell  Fiord  and  Disenchantment  Bay. 

It  is  noteworthy  that  this  advance  followed  a  |)eriod  during  which  the  glacier  fronts  had 
been  fartlier  back  than  now,  and  which  was  of  such  long  duration  that  mature  forests 
grew  on  the  shores  of  the  fiord  over  which  the  advancing  glaciers  swept,  and  even  up  the 
valli^  nhere  ke  nofw  standa,  aa'  ia  concluflively  ahown  by  fragmenta  of  wood  mm  being 
carried  out  ly  the  gladew  from  leffona  at  pwaent  not  fbreated* 

Northeast  of  Yakutat  Bay,  on  the  other  side  of  the  St.  Elias  Range,  are  the  I>esap 
deash  and  Kaska^\^l^s}l  valleys,  within  which  McCoiuicU'  found  convincing  evidence 
in  1904  of  former,  long,  narrow  lakes  which  he  believes  to  have  been  dammed  by 
the  expanded  glaciers  of  the  upper  Alsek  region,  that  is  by  ice  tongues  connected  with  the 
through-glacier  systems  that  reach  Yakutat  Bay.  The  preservation  of  driftwood  aud  the 
lack  of  matme  foveat  upon  the  abandoned  louver  beaches  of  these  lakes,  which  irara  150 
feet  deep,  and  the  legends  of  the  nativea  Buggeat  that  the  advance  took  place  leas  tfaaa  n 
bundrcil  years  ag0»  probably  indicating  a  glacial  expansion  here  conten^KManeooa  with 
the  last  maximum  of  the  Yakutat  Bay  region.  The  youth  of  the  trees  growing  on  these 
lower  beaches,  the  spruces  not  being  over  3  inches  in  diameter,  proves  how  recently  this 
advance  took  place. 

Brooks  recognized  the  beach  terraces  in  1890  as  of  lacustrine  origin»'  but  thon^t  the 
lake  had  been  drained  by  canytm-cutting  below.  Hm  disooveiy  of  better-devdloped, 

aTur.  B.  S.  and  Martiu.  Lawrence,  Bull.  Axuer.  Geog.  Soc.  Vol.  XXXVIII.  1906.  pp.  161-106:  Tarr.  B.  S.. 
TliiftwIrMri  ftpcr  M,  li.  8.  GeoL  flnrvqj,  1909,  pii.  185-107. 

>  McConntB*  R.  6,  Tb«  ¥imm  Wmag  Dirtnel,  GeoL  Smv  ^  CuMfa,  Abb.  Jfapt*  VoL  XVI.  ItOi 
pp.  fLk-iA. 

•  BRNto  A.  S,  BtoouHiMnM       l^iMBid  Bubor  to  Ba^  Gt7*  llsl  Ai^ 

Samgr*  M  9*  IMl.  p.  Mi. 
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Iiigher  beaches  by  McConnell  in  1904,  however,  with  mature  forest  hundreds  of  years 
old  upon  them,  ihowiog  ««iiier  lakes  8M  f««l  dMp>  BOggM^ 

tion  fa  correct  nd  that  there  had  alao  been  still  eMiier  •dvace  aad  dammiiig,  pcduipi 

contemporaneous  with  the  eailier  and  greatest  advance  of  the  Naders  in  Yakutat  Bay, 
and  elsewhere  on  the  Pacific  coast.  Still  earlier,  but  perhaps  as  a  part  of  the  same  great 
advance,  the  glaciers  had  been  so  extended  that  the  sites  of  these  lakes  were  completely 
ice-covered.  The  north  side  of  the  St.  Elias  Range,  therefore,  .serves  to  show  the  same 
glacial  histoiy  as  the  south  side: — (1)  funuer  great  expamuon  of  glaciers  (perhaps  with 
die  SOO  foot,  fo0est<eofend  beaehee  aaaoeiated  wiUi  atages  ol  ice^Miiier  lakea  during 
ietnat);(2)retieatof  i^acien  (nnoe  ire  cannot  aMume  tbat  Hie  hkea  stood  at  the  KO 
loot  stages  long  enoii|^  for  mature  forest  growth  on  the  beaches  above) ;  (3)  readvance  a 
century  or  thereabouts  ago  with  the  fonnatioii  ol  the  UO  ioot  and  lower  beaches,  sinoe 
irfiich  there  has  been  continuous  retreat. 

As  .shown  by  Wright'  and  by  Rcid,'  Glacier  Bay  also  furnishes  evidence  of  a  similar 
succession  of  recent  events  to  that  in  Yakutat  Bay  and  the  north  side  of  the  St.  Ehas 
Bange»  and  esBfsitisHycontempotaneoMjy  with  ft.  We  may  theraloie  assome  that  the 
fast  gnat  oipansimi  of  the  giadeis  of  the  east  end  of  the  St  ESIias  Bange  was  due  to  a 
canae  which  aflFected  a  mountain  area  with  a  northwest-soutlioast  axis  of  at  least  150 
miles  and  a  width  of  over  50  miles.  But  in  Prince  William  Sound  we  find  no  e\'idence  of 
recent  glacier  expansion.  There  was  a  period  of  great  early  expansion  corresponding  to 
that  during  which  tlie  Yakutat  Bay  glaciers  reached  their  greatest  extent,  completely 
filiiog  the  inlet;  but  this  period  was  centuries  ago.  Mature  forest  now  extends  up  to 
the  bouts  of  sooM  of  the  gladen  of  Fdnee  William  Soond  and  needy  up  to  the  fronts  of 
olhen.  Tlicy  aie^  therefoM^  now  afanoot  as  gieatly  eoqiMnded  as  at  any  time  with^ 
century  or  two;  and  Columbia  dader  is  greater  than  it  has  been  for  a  long  time,  for 
both  at  its  sides  and  front  it  is  encroaching  on  the  mature  forest.  It  is  possible  that  these 
glaciers  are  now  in  a  stage  of  advance  comparable  to  that  of  the  Yakutat  Bay  gladms 
a  century  or  more  ago. 

Three  possible  explanations  suggest  themselves  to  account  for  this  recent  pronounced,  ' 
b«thiief,adyaawof  thoTaieiitatBay  gbdetsandthoseintfaetwoneighbonng  regioiis 
cfted.  The  lint  of  these  is  the  diastaraphic  hypothcds,  that  uplift  took  place  and  the 
BBoantains  were  raised  so  much  hi^CT  that  the  glaciers  wwe  thereby  given  greater  snow 
supply.  This  hypothesis  fails  in  one  vital  respect ;  by  it  we  cannot  account  for  the  brcNnty 
of  the  advance  and  for  the  subsequent  recession.  It  may,  therefore,  be  dismissed  as 
inadequate  to  account  for  the  phenomena,  as  is  the  complementary  hjTwthesis  of  sub- 
mergence proposed  by  Keid  to  account  for  the  retreat  of  the  Glacier  Bay  ice  tongues. 

The  second  hypotibeiis  fa  the  vague  one  of  efimatie  change,  making  no  attempt  to 
eqilain  idiy  ft  came,  how  ft  operated,  <»  iHuit  its  enet  natmw  was,  but  mei^ 
miknofwn  reason  an  increase  in  snowfall,  or  change  in  tenqMrature,  came  t<>  t  hese  moun- 
tains and  that  ultimately  the  glaciers  flo\\nng  from  them  responded  by  advancing;  then 
came  diminution  in  snowfall,  or  increase  in  temi)erature,  and  accompanying  recession. 
Lacking  knowledge  of  the  amount  and  nature  of  the  snowfall  and  the  temperature  of  the 
critical  parts  of  the  Alaskan  coast,  as  we  do,  it  is  impossible  to  apply  to  this  theory  the 

*  Wright,  G.  F,  Ice  Age  in  North  AmerioB,  New  York.  1891.  pp.  51-67. 
tldd&F«  fllBdbf«tlfdrGlMla^AlMkiwNrt.G«o«.Mag.,V«LI?,18M;pp.S*-iO;<^^ 
IliCladw^lilh  Ana  B^pt, P. 8. Gwt Barny, BwUliS^ ly.  lit  m. 
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test  of  actual  climatic  records.  It  would  certainly  seem  remarkable,  though,  if  after  a 
long  period  daring  vdiich  the  precipitation  was  not  nifficient  to  piuh  the  ^adxn  out  as 

far  aff  titwiif  pwifwit  twtn^«"i  %  'wi^<*y'fiit  iwrroimo  in  pwcipitatigp  to  p^i^  gh'^fttr 

frcmts  forward  15  or  20  miles  or  more,  and  then  after  a  brief  interval,  sufficient  diminution 
in  precipitation,  or  increase  of  temperature,  to  allow  the  glacier  fronts  to  recede  15  or  20 
miles.  Such  a  great  climatic  change  would  of  itself  be  so  remarkable  that  we  ought  to 
at  least  see  a  sufficient  reason  for  it.  Failing  that,  the  hypothesis  seems  improbable, 
and  the  improbabihty  is  increased  by  the  discovery  of  the  fact  that  the  change  in  the 
glacier  toits  of  Yalnitat  Bay,  aod  thote  north  of  this  St  Bl^ 

have  not  been  parallded  a  few  hundred  milea  to  the  northwest,  in  Prince  William  Soond, 
which  lies  in  the  same  general  climatic  bdt  and  whose  heavy  precipitation  is  induced  by 
the  same  meteorological  conditions  that  cause  the  heavy  precipitation  in  the  Yakutaft 
and  Glacier  Bay  regions.  Wiile  we  do  not  feel  that  in  this  case,  as  in  the  ca.se  of  the 
hypothesb  of  uplift,  we  can  dismiss  the  hypothesis  as  inadofjuate,  we  nevertheless  are  of 
the  opinion  that  it  is  highly  improbable  and  to  be  resorted  to  only  when  no  other  more 
adequate  explanation  is  possible. 

Hie  third  hypoHiesis  is  that  of  omthqwakii  ahalmig^  wUdi  at  fltst  <hoii|^iiu|^ 
seem  both  extravagant  and  impo8dble>  but  in  favor  of  iHiidi,  nerertlMleBi,  mudi  can  be 
said.  By  this  hypothesis  it  is  assumed  that  a  century  or  more  ago  there  wa.s  a  great  and 
long-continued  .shaking  of  tlie  snow-covered  ranges  of  the  mountain  region  from  Yakutat 
Bay  to  (Jlacier  Bay,  perhap.s  in  a  series  of  years,  with  repeated  great  earthquake  shocks. 
By  this  shaking  and  avalanche  overloading  of  the  glaciers  a  wave  of  advance  was  started, 
and  in  consequence  of  eadi  great  sfaodc  the  advance  was  oontinned,  until  the  giaden 
readied  thdr  outannost  podtioos;  then,  with  ceaaatkm  of  irigowwis  shakingi  the  i^acsBM 
receded.  The  earthquake  record  unfortunate  does  not  go  back  quite  far  eaen^  for 
correlation  as  to  this  possibility,  the  earUest  recorded  earthquake  which  we  hnve  seen 
even  mentioned  having  occurred  in  1788. 

This  hypothesis  has  tlie  one  great  merit  that  the  other  hj'potheses  lack:  it  would 
account  for  all  the  phenomena.  By  it  we  can  explain  the  local  nature  of  the  advance, 
its  absence  to  the  northwest,  and  even  the  pre^t  advanced  position  of  Cohmibu 
The  hypothesis  would  also  account  for  the  briefoess  of  the  advance,  and  for  the  suLae- 
quent  rapid  recession.  There  appears  to  be  but  one  important  objection  to  the  earth- 
quake hypothesis,  and  that  is  the  stupendous  response  to  it  by  the  glaciers.  It  may  be 
said,  however,  that  the  same  objection  api)lies  also  to  all  other  hypotheses.  There 
certainly  was  a  great  advance,  difheult  to  explain  by  any  of  the  hypotheses,  and  perhaps 
no  more  difhcult  under  this  one  than  under  the  others.  In  1906  the  senior  author  was 
inclined  to  believe  this  hyiNvthesis  so  imp(ra}»able  that  he  lesoctad  t^ 
esis  of  dimatie  vaiiatiotts,"  but  a  further  conaideratum  of  theiwoblem,  and  eqiedally  ttM 
remarkable  advance  of  Hidden  Glacier,  whose  front  was  pushed  2  miles  farther  out  in 
1909  than  it  was  in  1906,  has  led  botli  of  us  to  the  belief  that  the  earthquake  li>7>othesis 
is  not  so  utterly  improbable  n-s  to  warrant  di.scardiiig  it.  It  is  certainly  conceivable  that 
a  series  of  severe  shakings,  lilce  those  of  1899,  repeated  through  succes.sive  years,  migiit 
cause  even  so  great  an  advance  as  the  15  to  20  mile  advance  of  Hidden  and  Nunatak 
Glaciers.  When  we  know  the  nature  of  the  response  that  the  Hubbard  and  Nunatak 
GhKiieis  aie  going  to  make  to  the  earthquake  diaking  of  1800  im  may  be  hetlera^ 
oonsider  this  hypolheiis.  If  Ihsy  do  not  advanoe  greatly  we  dumld  eonnder  it  far  hm 
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prabdUe  tluui  ire  do  noir;  bvl  H  theb  fronta  an  poalMd  lorwwd  ire  dioaU 
to  conrider  this  the  most  rational  of  tbe  liypotlieset  pwpoeed. 

It  is  important  to  note  that  the  former  great  advance  of  Hidden  and  Nunatak  Glar  icrs 
15  to  20  miles  beyond  their  present  termini  is  not  so  remarkable  as  may  seem  at  first 
thought.  If,  for  instance,  Hubbard  and  Turner  Glaciers  should  be  pushed  out  two  or 
three  miles,  which,  in  view  the  recent  advance  of  the  much  smaller  and  less  active 
Hidden  Glader,  is  cuctuxfy  a  ooooavaUa  nsolt  of  advaaoe  dm  to  earliuiiiafco  thaUng* 
tiie  onliio  Bnwell  Fuml  and  Nunatak  Fiotd  would  be  tianafonned  to  a  lake  fay  an  ice 
dam  at  the  kead  of  Disenchantment  Bay.  The  tideless,  fresh  water  of  tkia  lake  would 
cause  less  recession  in  Xunatak  Glacier  than  the  tidal  salt  water  now  does.  Moreover, 
the  lake  water  would  be  much  colder  than  the  waters  of  the  fiord,  which  are  influenced 
by  direct  conne<  tion  with  the  ocean.  This  coldness  would  be  increased  by  the  icebergs 
from  ISunatak  Glacier,  which  could  no  longer  escape  to  the  Pacific,  and  by  those  from 
Hidden,  VaBQgatedtQiaDg^  and  periiapsfliuDtriladenwkldhir^  It 
is  evon  oooeeivaUe  that  the  lake  waters  would  be  ao  filled  with  floating  ioe  that  they 
woold  xeniain  frozen  well  into  the  summer. 

The  effect  of  all  these  conditions  would  be  to  aid  in  the  extension  of  Nunatak  and 
Hidden  Glaciers  in  two  very  important  ways:  (1)  by  greatly  checking  the  discharge  of 
kebergs  from  tlie  ioe  fronts,  (2)  by  lowering  the  mean  annual  temperature  of  the  region 
near  by,  and  thus  diminishing  ablation  and  increasing  snowfall.  Thus  a  thrust  which 
pnriied  Hviibaid  and  NnaaAak  Gladen  forward  a  distance  of  mfy  m  Imr  miiea  wi0A 
lenlt  in  a  far  greater  extcniaon  of  Hidden  and  Nunatak  CSacien.  Apartof  tfaitetrteii- 
iian  wnoold  need  no  other  in^ielBng  cause  than  that  which  now  exists;  for  with  lower 
BSail  Mirni^  temperature,  and  lessened  iceberg  discharge  the  fronts  of  the  glaciers  would 
necessarily  move  fon^^ard  beyond  the  position  which  they  now  hold  as  a  balance  between 
supply  and  wastage  from  ablation  and  iceberg  discharge.  \Mien  the  ice  dam  across 
Ruasell  Fiord  was  removed  by  recession  of  Uubbard  Glacier,  the  return  of  the  tidal  water 
to  the  margin  of  the  advanced  Nunatak  Glacier  would  inaugurate  reoeesioa  at  a  more 
rapid  late^  and  if  the  caoae  for  the  advance  had  that  time  died  out,  tiieglacienmigh 
be  firpeeted  to  recede  sapidljr. 

These  couidenilions  are  of  coone  as  applicable  to  an  advance  bj  other  causes  as  to 
an  advance  in  response  to  earthquake  shaking.  But  since  these  associated  phenomena 
make  it  clear  that  so  great  an  advance  as  that  of  Nunatak  and  Hidden  Glaciers  does  not 
necessarily  mean  an  actual  forward  thrust  of  a  glacier  for  15  or  20  miles  by  the  sole  and 
unaided  cause  of  response  to  earthquake  shaking,  they  r^ove  some  of  the  objecti<m  to 
this  bypothoM  on  the  score  of  the  enormous  forward  movement  1^^ 
CMbr  a  part  of  the  advance  is  asdgned  by  Ibis  hypoHMsb  to  the  direct  thnist;  the  re- 
mainder is  ascribed  to  the  result  of  accessory  conditions  indirectly  the  result  of  advance 
under  the  impulse  of  earthquake  shaking.  With  this  advance,  and  until  further  evidence 
is  available,  we  believe  that  the  earthquake  hypothesis  has  basis  for  retention  as  a  possible 
explanation  of  the  remarkable  advance  of  the  Yakutat  Bay  glaciers,  from  which  these 
glaciers  were  withdrawing  when  the  earthquakes  of  1890  gave  rise  to  conditions  by  which 
nesr  adnmee  was  neeesritated  in  some  of  them,  and  perhaps,  ultimately,  in  aD  the  more 
important  ones. 
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GIACIATION  OF  TU£  YAKUTAT  BAY  REGION 

t 

Introductory 

In  the  preceding  chapters  the  main  theme  has  been  the  consideration  of  the  char- 
acteristics of  individual  glaciers,  with  only  incidental  reference  to  relationships  and  to 
more  general  problems,  the  single  exception  being  the  discussion,  in  Chapter  X,  of  the 
problems  presented  fay  the  advaiicmg  gladen.  lllin  are,  however,  aonM  ftaUuM  eott- 
mon  to  many  ^aden,  some  plwaiomena  and  problems  rdattog  to  tlie  le^on  m  •  nhole^ 
and  some  of  genend  interest  because  of  appfieatioa  to  other  Ngfons.  It  is  the  puix>ose 
of^  this  chapter  to  briefly  treat  these  phenomona  and  paobkma  topically,  introducixig 
such  repetition  of  statements  previously  made  as  is  necessary  for  clear  indi\ndual 
presentation.  The  first  group  of  phenomena  and  problems  relate  to  the  characteristics 
of  the  glaciers  themselves;  the  second  to  special  problems  clearly  illustrated  by  certain 
cf  Hmw  i^Miera;  tlia  third  to  HMHmMmcwi  bctwiMi  tba  odtting  glacial  phoMBMBn  of 
Yakufait  Boy  and  iqgMiM  of  fonner  ^adatioo;  nnd  thefoi^ 
tlie  ic^[lon. 

CBABACTSKlimOB  OV  TU  diACISIS 

As  has  been  pointed  out  specifically  in  Chapter  II,  and  as  is  clear  from  the  deacrip- 
tioM  in  the  WMweeding  chapteri  there  are  many  dMfawitldadi  of  gjncliwaMrYataitnt 
Bay,  diflSeiing  gnatty  in  aw^  late  of  floir,  and  a  multitade  of  oliher  chawoUriHiea.  M« 
matter  liow  different  they  may  bo,  however,  they  are  all  alike  in  one  important  respeet* 
'—Vk  WB/ant  portion  of  their  course,  often  in  the  middK  and  aometimes  throughout,  they 
are  normal  valley  glaciers.  But  the  valley  glacier  portions  grade  down-stream  to  ter- 
mini which  present  great  differences  in  characteristics;  and  up-stream  there  are  al«?o 
notable  differences  among  the  many  glaciers  of  the  region.  These  variations  \^-ill  be 
more  specifically  stated  under  four  headings,  the  cornice  glacier,  the  valley  glacier,  the 
throu^  glacier,  and  Racier  teimini. 

TIm  ConuM  Olaeier.  Hm  conuce  Racier,  cnwwnnn  in  gjarfatwd  mmmtain  anaa»  ii 
characteristically  devel(q)ed  in  the  Yakutat  Bay  r^on  in  two  relationships.  First, 
where  it  is  nourished  by  excess  of  snowfall  on  rock  ledges  or  clifrs,  being,  therefore,  due 
to  favorable  topographic  inequality  combined  with  such  a  climatic  factor  as  a  north 
exposure.  This  kind  of  shelf,  or  cornice  glacier  has  conditions  almost  exactly  similar 
to  the  normal  valley  glacier,  of  which  it  forms  an  incomplete  type,  with  surface  plan 
of  great  irregularity  and  flome  times  wHQi  a  ihoit  valky  gbder  projecting  fraoi  it 
Many  of  tiie  f^aeiera  of  the  CoionMlo,  Montana,  and  Canadian  Boeky  Koimtaina  an 
of  this  sort.  They  are  often  much  larger  in  Ahwitltj  and  exist  in  hundreds  ha  tho 
mountains  of  the  Yakutat  Bay  region,  being  larger  on  north  than  on  south  slopes,  and 
in  the  irregular  heads  of  vallqjrs  than  in  the  amoothly-aculptuied  lower  vall^  trouglu^ 
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where  intense  glacial  erosion  has  removed  the  ledges.  The  second  condition  is  where 
Ikeae  cornice  glaciers  seem  to  be  remnants  of  the  thinner,  shrinking  valley  glaciers  of 
•  region,  and  are  not  nomidked  wfaeie  tih«j  rest  but  art  akmfy  waating  away  or  rmuiii 

whose  blue  or  green  may  be  seen  in  crevasses.  TIm9^  often  move  forward  to  cliff  edges, 
where  fragments  tumble  to  valleys  below.  They  grade  into  the  mowbank  withoat  ioe^ 
on  the  one  hand,  and  into  the  true  valley  glacier  on  the  other. 

The  Valley  Glacier.  The  Alaskan  valley  glacier  b  in  no  fundamental  respect  different 
from  its  counterpart  in  the  Alps,  Caucasus,  Uimalayaa,  and  other  mountain  regions, 
and  may,  therrfdra^  be  fwnitderwd.  nomud.  There  are,  of  eoone,  many  dUhwneai  in 
wwivoii  emdtliuiMi,  in  annber  and  nntue  ef  teflmlaiiee*  in  frnda^  in  fate  el  fkiw,  m. 
flriHit  of  crevassing,  in  dm,  and  In  ottier  leu  in^Mftant  nqieeto.  A  few  in  the  Yakntat 
Bay  region  have  their  sources  in  normal  cirque  reservoirs  among  lofty  mountains;  more 
flow  from  the  steeply-inclined  sno^-field  areas  on  precipitous  mountain  tops  and  slopes; 
some  head  on  the  broad  flat  divides  of  through  glacier  systems.  Tliere  are  so  many 
glaciers  that  do  not  head  in  cirques,  the  snow  supply  is  so  heavy,  and  avalanches  from 
vallqf  beadi  and  indb  aie  ID  fiteqiMBt  tliat  the  bofMlirand  fa  not  ahf^ 
MarYaknlaiBagr. 

The  ginciers  are  nenally  endosed  between  steeply-rising  ice-eroded  mountain  slopes, 
from  which  both  snow  and  rock  are  frequently  avalanched  upon  their  surfaces.  The 
snow  line  lies  from  2000  to  3000  feet  above  sea  level,  and  in  all  the  larger  glaciers  a  part 
of  the  actively-moving  ice  stream  lies  above  snow  line,  .so  that  the  n^v6  region  is  likely 
to  be  concealed  beneath  the  lower  end  of  the  snowfieid.  The  glacier  is  supplied  from  upper 
naertum,  horn  anoirfaU  upon  the  glacier  iee  bdodr  tbaee,  baa.  the  avalanrMngo<«nofir 
barn  alefli^jr-iUiig  wirlwing  ummtain  waDi,  hc/Qi  in  and  bebir  the  lewrvoli  mmm^ 
and  from  tnbutariea.  In  this  region  of  heavy  snowfall  the  ^aders  are  so  well  siqjipBed 
tfiat  even  small  tongues  push  their  termini  practically  to  Ma  level,  wlalie  larger  onai 
either  enter  the  .sea  or  spread  out  to  the  mountain  base. 

The  valley  glacier  has  tlie  normal  moraiiiic  load  common  to  such  glaciers.  There 
are  medial  moraines  here  and  there,  and  lateral  moraines  are  almost  universally  present, 
idiiletli0loiiwioalayenarelie«v]l(y  d8bii»<^hai^^  In  eome  of  the  gladeit  conditioni 
cf  Mtcic  iqnil^  and  ablalifla  am  eo  laTotaUe  that  a  dieet  of  dA»^ 
from  side  to  side,  forming  the  broad  fidds  of  ablation  moraine  that  are  more  fully  de- 
scribed and  discussed  in  a  later  section.  In  the  dissipator,  lateral  moraines  become 
etched  into  relief  and  a  marginal  valley  comnit)nIy  develops  on  either  margin  of  the  gla- 
cier, in  wliich  streams  flow  and  deposits  of  complex  nature  are  being  accumulated.  These 
marginal  conditions  are  absent  in  only  a  few  cases,  the  three  most  pronounced  being 
(1)  utoa  leeent  apaemodSe  advaaoe  baa  doaed  up  marginal  valleys  pnvkmij  tidMlliag, 
(ft)  whien  tbe  f^acier  tennlnailea  In  »  eaaeade  on  the  ateep  face  of  Hie  valkgr  wall,  and 
(8)  where  the  combination  of  ablation  and  iceberg  discharge  in  an  actively-moving  valley- 
endoscd  glacier,  cuts  back  into  the  dissipator  too  tafkdfy  Uxt  the  develofunent  of  maiginal 
valleys,  as  is  illustrated  in  Nunatak  Glacier. 

The  deposits  which  would  be  left  in  these  mountain  valleys  if  the  valley  gladers  should 
mdt  out  of  them,  would,  about  the  termini,  be  closely  like  those  of  other  valley  glacier  re- 
ikiit.  lliereiroidd  be  a  fairly  thin  dMiet  erf  gwundaweaii^ 

M  and  lateral  moraine  banda,  and  marginal  vaBcydgHteHe  of  vaiying  dutfacter,  eattent. 
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and  fofin*  aocordmg  to  the  conditions  flunNKHiding  UmIt  accumulation  and  the  length  ol 
time  occupied  by  it.  One  notable  difference  from  normal  valley  glacier  depoeita  would 
be  found  in  some  of  the  valleys,  in  which  a  sheet  of  somewhat  weathered,  angular  fragments 
would  overspread  the  ground  moraine.  This,  representing  the  ablation  moraine,  would 
form  a  thin  sheet,  vaiying  in  thickness  and  with  a  somewhat  hummocky  topography. 

Tk0  Through  Gkmgr,  The  through  glada  oooditkm  has  already  been  described 
intii  sadi  fnbwM  that  little  vemaiiis  to  be  added  hern.  It  is  a  coodilMHi  in 

the  Alaskan  coast  ranges  to  find  mountain  vaUcgn  so  flooded  witli  ice  to  tiie  divides 
that  one  can  tmvel  by  fairiy  even  grade  from  the  dissipator  ol  a  leader  up  across  a  broad, 
flat  divide-reservoir,  then  down  to  a  dissipator  in  another  valley,  without  being  able  to 
determine  where  the  boundary  line  between  the  two  glaciers  is  to  be  drawn.  Such  is 
the  through  glacier,  occupying  a  through  valley  with  low  divide.  In  some  cases  more 
than  two  ice  tongues  extend  from  a  through  Racier  divide  area.  Because  of  the  exten- 
sive development  of  tbe  thioo^  glacier  condition  theie  is  a  neiwmk  of  ioe-floodsd 
vaUsyi,  tlie  fdl  CKlent  of  iHikdi  can  only  be  inldcied  in  the  pies 
edge  of  the  Alaskan  coast  ranges  back  from  the  coast. 

The  through  glacier  condition  is  certainly  not  confined  to  the  .\l;iskan  mountains,  but 
it  is  more  strikingly  de\  elo|)ed  there  than  in  any  other  region  of  which  we  have  seen 
description.  Its  extensive  develo{»ineMt  liere  is  (lei)eiidcnt  upon  the  combination  of  three 
very  favorable  conditions,  as  follows: — (1)  the  fact  that  at  a  former  period  the  glacier  sjfa- 
temsof  the  Alaskan  coast  me  farmoiecattensivelliannow;  (2)  the  fMttiial  this  peiiod 
of  glader  etpamion  lastodkmgeiMnighfor  cxtOMiveglacialeNMian  to  loirar  many  divides; 
and  (3)  the  fact  that,  even  in  the  present  shrunken  condition  of  the  gladen  the  snow- 
fall is  so  heavy  that  both  glacially-deepened  valleys  and  lowered  divides  are  stiU  ice 
flooded.  There  is  reason  to  believe  that  in  the  former  period  of  expanded  glaciers,  and 
before  the  present  valleys  were  so  deepened  by  glacial  erosion,  ice  currents  streamed 
across  many  divides,  and  in  different  directions  from  now.  Some  of  these  divides  we.-e 
completely  nmoved  by  erosion,  but  many  mn  only  partly  vonoved;  and  in  tlM  lattsc 
case»  as  the  volume  of  the  ancient  f^mam  skiank,  the  tfame  came  viiien  some  of  tibese 
lowered  divide  areas  became  the  flat  iocKlivides  <rf  through  glaciers.  Doubtless  in  other 
cases,  back  among  the  mountains  where,  as  Russell  vividly  describes  it,  the  ice-flooded 
'  valley  condition  is  so  well  developed,  both  valleys  and  divides  are  still  so  deeply  buried 
beneath  snow  and  ice  that  glaciers  are  streaming  across  divide  areas  and  still  lowering 
divides  between  mountain  valleys. 

One  <tf  the  needs  of  Alaskan  ^ader  study  is  the  explorataon  md  mapping  of  sense  of 
tiie  thiooc^  glader  orstems*  for  at  present  we  know  voy  little  aboot  the  comfitions  a 
few  miles  bade  from  their  termini.  It  will  be  interesting  to  know  more  about  the  source  of 
the  ice  supply,  though  in  all  pcobability  this  vaiies  greatly  in  diffeient  giadecs.  I^ying^ 
as  they  do,  in  broad  valleys  among  extensive,  lofty,  snow-covered  mountuns,  it  is  cer- 
tain that  tlicy  re^-eive  important  avalanche  contributions  from  the  enclosing  mountains, 
as  well  as  contributions  from  tributaries  descending  to  them  from  the  upper  mountain 
valleys.  In  the  larger,  more  active,  through  gladers,  these  must  funush  the  main  ioe 
sapply ;  but  in  some  of  tlie  smaller,  km  active  glaciers,  flke  the  Orange  Glader,  and  per- 
haps even  the  soiilh  ann  of  the  Nnnatak  Glader,  a  laige  part  of  the  snow  M^iffy,  and 
perhaps  even  the  dominant  part  of  it,  apparently  comes  from  the  snow  that  fsDs  oa  the 
bmad  divide  and  iqMm  the  i^Uder  soifsoe  ataelL 
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It  k  notoirorlliy  tiuil»  idiile  flnlkr  gbcfan  an  often  eov«Md  wtXsk  httmd  ahMti  «f 
abktioii  mocaine,  through  ^adan  aia  not  ao  diaiaetariaed.  In  the  active  tidal  glaciers, 
amk  as  the  Hnbbard  and  Nunatak,  this  mi^t  be  explained  by  tlie  failure  of  ablation 
in  connection  with  iceberg  discharge;  but  in  such  j^laciers  as  the  Hidden  and  Fourth, 
where  ablation  lowers  the  terminus  to  a  thin  edge,  and  where  the  terminus  lies  in  the 
same  relation  to  sea  level  as  smaller,  neighboring  moraine-covered  glaciers,  this  explana- 
tion fails.  The  absence  of  moraine  sheets  in  the  lower  glacier  in  such  cases  must  be 
wplamedbylMhiieflldflbiia  to  be  inooiponted  in  tho  fee  ao  eisteiHively  in  tho  thioa^ 
leaden  M  in  1^  imflOflr  valkyi^acien.  Thia  lade  of  inooipointed  dSbae  naj  be  due 
to  a  oonibination  of  several  causes,  ▼■lying  in  relative  importance  in  the  different  ^a^ 
dcrs,  amon<T  which  are  the  following: — (a)  the  fact  that  a  considerable  part  of  the  \ce 
is  suppUed  by  snow  falling  direftly  on  the  glacier;  (b)  the  breadtlx  of  the  through  glaciers, 
making  it  impossible  for  avalaiu  lies  to  spread  completely  across  the  glaciers  as  tiiey 
may  in  narrower  glaciers;  (c)  the  relative  weakness  of  tributaries  by  which  the  debris 
that  tlMj  eontnbiile  is  kept  on  one  aide  ol  the  main  gkcier  by  the  gvaater  loioe  of  its 
emcnt;  00  tlie  deap  snowe  ^viiiofa  mentie  ao  laige  n  proportioa  of  the  upper  mountem 
shpea  with  so  deep  a  cover  that  the  mountain  rocks  are  protected  far  move  Hum  the  ateepv 
hare  slopes  which  border  a  large  portion  of  the  smaller  valley  glaciers. 

Even  where  through  glaciers  emerge  beyond  the  mountain  v^alleys  and  expand  in 
piedmont  areas,  as  in  the  Malaspina  Glacier,  some  of  whose  tributaries  are  probably 
through  glaciers,  the  extent  of  the  sheet  of  ablation  moraine  is  proportionately  less  than 
that  of  the  amaDor  ^aden.  Thna,  althou^  these  are  rocfa  bzoed  dieets  of  abletioo 
flncdne  on  the  Meleapine  aa  to  hnve  nttneled  wide  attenlkMi,  tibe  moat  estendve  ol 
these  are  really  marginal,  and  related  to  the  lateral  accumulations  by  the  tributenea 
which  suiq>ly  the  Malaspina  ice.  Extensive  as  these  dieeta  of  ablation  moraine  are  on 
the  Malaspina  Glacier,  when  compared  to  the  glacier  sj'stem  as  a  whole  they  arc  far 
less  notable  than  the  ablation  moraine  of  the  Atrevida-Lucia  piedmont  glacier  system. 
The  Malaspina  and  its  tributaries  are  dominantly  clear  ice,  with  only  relatively-small, 
peripheral,  ablation  moiaine  aieea  and  larger  lateral  sheets;  but  the  amdlar  Atnivid»> 
Lncfe  pandmnnt  ^eeiar  ia  oonpleldy  motetne-ooivieied*  and  the  woffdmB  dieet  even 
spreads  ivdl  iq»  the  TaOcy  portion  of  eodi  tributary.  Extenrive  morainic  sheets  are, 
theaefote^  not  ehtteeleriatic  of  the  through  glaciers,  but  wtfaer  of  the  amaller  glaciers, 
being  present  even  where  they  terminate  lis-ithin  their  mountain  valleys,  but  being  far 
more  developed  where  their  tennini  expand  in  piedmont  areas  outside  of  their  moimtain 
valleys. 

Th0  Oloeier  Termini.  It  is  the  lower  portions  of  the  Alaskan  glaciers  that  have  so 
far  been  most  casefiiQy  studied,  and  it  is  these  portions,  also,  that  present  the  most 
Tsded  and  interaating  phenomena,  and  thooeidiidi  simply  most  facts  dt  value  for  com- 
parison with  glacMIS  of  other  regions,  both  existing  and  extinct.  Among  the  Alaskan 
daciers  there  are  many  different  {•onditions  in  the  tennini,  and  as  most,  if  not  all  of  these 
Sfe  illustrated  in  the  Yakutat  Bay  region,  it  s{^ms  worth  while  to  briefly  state  in  the 
foDowing  paragraphs  some  of  the  more  notable  ditferences  observed. 

The  tennini  of  many  glaciers,  probably  the  majority,  are  at  their  junction  with  larger 
^aden  to  wbidi  tfaqr  aie  tribnteiy.  The  oooditioas  hem  vary  greatly  according  to  the 
idatire  aiae  of  tdbntaiy  and  main  i^aeier  and  to  tiie  poaition  and  ^leetkn  at  idiidi 
thaysBler.  IntiMTastmajosityof oasesthesetributadesoeaseatoiHetobanranoika- 
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■bfe  iaifaiene^  llie  See  and  dttnis  supply  lAidh  IImj  ooatri^^ 

tion  «i  the  tAde  Hwt  ilMgr  am  oompletaly  domiwafawt.  Oocamonally  a  tributaij  ia  aa 

nearly  equal  to  the  main  atream  that  it  maintains  individuality,  both  in  its  ioe  cnrraita 
and  in  its  morainic  areas*  clear  to  the  glacier  terminus;  and  now  and  then,  idiere  two 
large  glaciers  unite,  one  is  so  much  the  stronger  that,  as  in  Hubbard,  Nunatak,  and 
Fourth  Glaciers,  both  the  ice  current  and  the  moraine  of  one  are  pushed  far  over  to  one 
side  by  the  greater  force  of  the  other.  On  the  other  extreme  we  find  many  oaaea  ol 
glaciars,  especially  fhoaa  caacadi'ng  from  email  kangmg  vaU^  wiikli  baidbr  ooakaee 
wHh  the  main  glacier,  and  aometimeB  just  fall  short  of  doing  so.  In  audi  cases  local  en- 
largement of  the  lateral  moraine  of  the  main  leader  occurs  at  and  just  below  the  point 
of  incoming  of  the  tributary',  but  otherwise  no  noticeable  influence  is  caused  by  it. 

Some  glaciers  terminate  in  hanging?  ^•alleys,  at  varying  distances  back  from  the  lipe. 
Such  glaciers  are  often  moraine-covered  at  their  ends,  and,  if  they  halt  long  enough, 
th^  build  terminal  moraines.  From  the  terminus  one  or  more  streams  isaae,  heavily 
duirged  with  dSbiit,  iHiich  in  aoue  cases,  where  the  valkgr  grade  is  steep  enoo^  is 
borne  on  beyond  the  Hp  of  llio  hanging  ^alkgr,  but  in  o4her  oaaea  ia  partly  deposited  on 
the  floor  of  the  fc*«c»"g  valley,  forming  a  moie  or  less  perfect  outwa^  gravel  plain.  In 
all  cases  a  large  porportion  of  the  debris  is  borne  on  to  the  lip  of  the  valley,  thence  down 
the  steepened  slope  to  the  flatter  slope  at  its  base,  or  to  the  sea,  where  deposit  is  exten- 
sive. Here  are  built  steep  alluvial  fans  on  valley  sides,  and  large,  steep  deltas  where 
the  steepened  slope  descends  to  the  fiord.  The  great  yolnme  of  water,  widi  ita  aedl- 
ment  load  and  its  steep  grade  has  invariably  cut  a  gorge  beknr  the  hanging  ▼aDegr 
11^  wfaidi  it  ia  r^iidiy  deqiening;  hvt  the  time  since  these  streams  have  been  flowing 
ia  so  brief  that  the  gorges  are  rarely  deep  or  bioad.  They  increase  in  depth  and  breadth 
toward  the  outer  portions  of  the  fiord,  as  one  would  expect  in  \'iew  of  the  fact  that  the 
steepened  slopes  there  have  longer  been  exposed  to  the  erosive  action  of  the  stream;  but 
this  increase  is  less  striking  than  might  be  expected,  since  the  glaciers  in  these  hanging 
valleys  are  smaller  than  those  in  the  inner  portions  of  the  fioid  and  thn  walv  aapfKed 
hy  their  mdting  is  theiefora  loBB  in  qoantily. 

A  few  hanging  valley  ^adeia  extend  to  the  veiy  lip  of  the  valley,  and  aome  extend 
even  beyond  it,  terminating  as  cascading  glaciers.  In  these  cases  there  is  a  smaller  al- 
luvial fan  or  delta  at  the  base  of  the  steepened  slope,  and  a  less  developed  gorge  has 
been  cut  in  the  steepened  slope.  Indeed,  the  cascading  glaciers  may  have  no  gorge  what- 
soever, their  streams  flowing  along  several  courses  on  the  surface  of  the  steepened  slope. 
These  ^adera  usnafiy  have  a  more  or  leas  wdl-defined  moraine  at  the  diff  base  in  which 
is  incorporated  snow  and  ioe  bk>cks  that  have  fallen  from  the  steeply  peidiedm 
Being  only  recently  disconnected  from  the  main  glacier,  and  ha\'ing  usually  only  a 
brief  duration  in  steeply-perdied  positions,  the  cascading  glaciers  do  not  commonly 
form  extensive  deposits  or  leave  striking  records  of  their  former  pres^ioe;  and  such 
records  as  they  do  leave  are  soon  buried  beneath  tlie  growing  alluvial  fans. 

Fairly  good  sized  gladers  that  terminate  in  valleys  near  sea  level,  where  ablation  is 
rapid,  havoniadoflaiich  mora  egctenrivndepoeits  than  in  any  of  the  preceding  caaea.  II 
tiie  leader  fronts  were  stationaiy,  terminal  morainea  would  doabtkas  dervelop;  bat» 
dnoe  the  gbcier  history  of  Yakutat  Bay  has  been  one  of  general  recession,  such  deposits 
are  not  common,  though  they  have  been  found  in  a  few  places,  such  as  Calahonda  valley. 
The  receding  glader  omitiibutes  moat  of  its  debris  to  streams,  leaving  only  thin  depoaita 
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of  coarser  fragments  where  they  were  brought  by  the  glacier,  and  especially  in  marginal 
deposits.  The  glacial  streams  issue  with  great  volume  in  this  climate,  and  they  bear 
VMt  quantitiM  ot  wodkaeat,  varying  from  day  to  ooarte  gravd  and  anuU  boirldert. 
WImto  the  gmdes  of  the  ydk^  aie  steep  enoagfa,  nmdi  of  this  dflbril  b  bone  te  the 
fiord,  b«t>  In  those  valleys  with  flatter  grade,  outwash  gravda  aocumulate;  thog^  evoi 
in  these  cases  extensive  deltas  are  built  in  the  fiord,  and  vast  quantities  of  clay  are  con- 
tributed to  the  deposits  being  laid  down  on  the  fiord  bottom.  At  times,  as  in  the  case 
<rf  Hidden  Glacier,  outwash  gravel  plain  and  delta  coalesce,  and  from  the  glacier  front 
to  the  sea  there  is  a  continuous  outwash  gravel  plain,  growing  finer  in  texture  toward 
tib  na,  and  borond  mid^idB  level  eoatiMag  mtitfy  of  dagr.  Sank  depodts,  eitMMiii«g 
tnm  one  aide  of  the  ▼aHegr  to  the  other,  ovenpfead  and  hmy  from  Tieir  thoae  depoata 
that  were  previously  made  beneath  the  ^aeiert  or  its  melting;  and,  in  fact*  they  aome- 
tiaies  bury  the  glacier  end  itself,  giving  rise  to  extensive  buried  ice  blocks. 

Some  of  the  smaller  glaciers  that  terminate  in  the  position  here  being  considered  have 
their  ends  c  overed  by  ablation  moraine  and  are  in  a  stagnant  state;  and  in  some  cases 
the  lower  ends  are  even  disconnected  from  the  upper  part  of  the  glaciers.  Under  these 
eondtema  the  tale  ef  aUetkm  is  decreased,  the  axlent  of  outwash  gravel  deposit  ia 
dhainiidied,  and  neither  ^eeier  ends  nor  glader  depodts  are  cxtendrdy  boded  beneath 
the  gravds.  In  sudi  cases  the  record  of  fonnor  preaence  of  glaciers  will  include  a  sheet 
d  di^tly-irregular  moraine,  including  a  large  percentage  of  angular,  frostdven  blodEB. 
One  might  expect  to  find  cskors  in  .stich  situations,  but  not  where  the  recession  of  glaciers 
is  so  closely  followed  by  gra\  el  deposit  as  to  cover  both  previous  deposits  and  glacier 
ends.  In  the  latter  case,  however,  conditions  are  favorable  for  extensive  devdopment 
d  kame  top<^raphy  when  the  buried  ice  blodcs  mdt  and  the  overlying  gravds  dump 
vngdady* 

The  NmiatakGhder  is  the  only  case  in  this  regkm  <rf  e  ttdd  i^aoier  which  terminates 
in  a  mountain  vaOqr  vhidi  it  complete^  occupies  from  side  to  aide.  Ablation  is  tiyid 

and  iceberg  discharge  active,  the  two  causes  together  sufficing  to  cause  rapid  recession 
of  the  glacier  front.  Marginal  drainage  is  not  developed,  but  subglacial  or  engladal 
streams  ]>our  volumes  of  water  into  the  fiord  in  front  of  the  glacier.  Doubtless  these 
are  giving  rise  to  extendve  sedimentation  in  the  neighboring  fiord,  but  owing  to  the 
rapid  leoession  of  the  leader  front  these  deposits  are  spread  over  a  wide  area.  Should 
^  front  hah  for  e  time  the  Taat  quantities  of  sedimtttt  that  are  doubtless  pouring  out 
from  the  ice  front  would  build  notable  teimind  depodts.  In  the  deposits  that  are  ac- 
cumulating both  fine  and  coarse  material  are  of  necessity  included,  thus  differing  notably 
from  the  outwash  plain  deposits  in  which  the  clay  element  is  almost  completely  absent. 
These  submarine  deposits  must  also  differ  from  those  of  the  land  streams  in  the  presence 
of  large  rock  fragments  dropped  from  the  glacier  front  or  from  the  icebergs;  but  the 
nndier  of  thoae  fragment  is  not  great,  for  the  larger  proportion  of  the  materid  thi^ 
iee  beaie  to  ita  front  ia  oaided  anray  in  the  ioetkorga.  This  deposit  dmald  be  aasotted 
throu^iout,  for  in  addition  to  the  fact  of  its  deposit  in  water,  in  wfaidi  there  axe  strong 
tidd  currents,  it  is  brought  to  its  place  of  accumulation  by  xapid  streams,  idioae  oontinned 
IHTOgress  is  arrested  by  the  mass  of  standing  fiord  water. 

Hie  other  two  tidd  glaciers — Turner  and  Hubbard — diflfer  from  the  Nunatak  in  one 
veiy  notable  respect.  They  extend  beyond  enclosing  moimtain  walk  and  spread  near 
their  twminna.  Were  the  fiord  water  abaent,  theae  ^aden  would  doubtless  devdop 
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egmnded  pinffimmt  bnllw;  but  the  attM^  of  the  sea  water  and  tihe  rapid  dMpocNl  «f 
ioe  tlial  falh  into  Ikiid  from  the  glacMr  imit,  wiecwedp  ill  trancating  tlie  bi]Ibt,a» 
that  thqr  only  partial^  developed.  In  th<Me  portions  of  the  ice  front  from  fdiidi 
icebergs  are  discharged  tlie  conditions  are  similar  to  those  of  Xiinatak  Glacier,  and  the 
remarks  made  about  the  deposits  there  apply  in  all  essential  particulars  here  also.  Along 
the  margins,  however,  the  conditions  are  different,  for  in  their  lateral  spreading  both  tlie 
Turner  and  the  Hubbard  Glaciers  have  extended  so  far  as  to  give  rise  to  small  areas  ol  ' 
itagnantorpartiaUy  staguHitloeoiieithflr  mwgiii.  Aloog  tbew  lev  Mtiv»  ana*  a»- 
ginal  atieiiiia  floir  and  each  Ims  bidlt  a  naU  alhivial 

A  immber  of  glaciers,  including  several  of  small  sixe,  expand  at  the  mouths  of  tfaeb 
valleys  giving  rise  to  piedmont  bulbs,  or  bulb  glaciers.  Tliese  are  sometimes  in  larger 
valleys,  like  \'ariegated  Glacier  in  the  Russell  Fiord  trough,  but  more  commonly  are 
at  the  mountain  front,  like  Galiano  (jlac  ier.  ^^^lere  two  or  more  glaciers  descend  from 
neighboring  valleys,  and  expand  sufficiently,  the  piedmont  bulbs  may  coalesce  and 
lonn  a  piedmmit  g|aciflr»  aa  k  ilhutnted  by  thia  Atii0vida44Kia»  and,  far  betUr,  fay  tte 
Ifalaapina  Glacier,  fotned  by  the  union  of  wmal  laige  Racier  bviba,  and  iJia  typt 
ease  of  the  piedmont  Racier,  made  known  to  w  by  BoHeD's  researches.  The  jaed- 
mont  glaciers  and  the  piedmont  bulbs  have  many  peculiar  and  interesting  features, 
including  marginal  deposits  of  varied  character,  ablation  nwrail>W|  buned  ioo  blodo^ 
and  outwaah  gravel  deponts,  fully  discussed  in  later  pages. 

Spscial  FboBzmB  { 

Among  the  glacial  phenomena  some  warrant  more  detailed  discussion.  These  relate 
mainly  to  the  piedmont  eonditioii,  to  some  of  the  phenomena  aiiociiiled  with  other 
^aaete,  and  to  tlM  work  of  the  fofmeily  move  eztendve  ioe  tumgoee. 

The  Piedmoni  Bulbt.  The  phenomenon  of  spreading  of  ^aciers  on  emergence  from 
valleys  is  common  in  the  Alaskan  region.  Indeed,  it  ia  universal  wherever  the  glaciers 
extend  beyond  the  valleys  which  confine  their  upper  portions,  whether  the  escape  be 
into  a  broader  valley,  as  in  the  Variegated  Glacier,  or  beyond  the  mountain  front,  as  iir 
the  Atrevida.  This  spreading  to  the  piedmont  bulb  condition  is  evidently  due  to  lateral 
flowage  where  aa  ice  supply  ia  released  from  lateral  confinement,  and  it  bears  myttj 
eioae  wewnhianffe  to  the  flowage  of  was  or  other  viaoons  anbetaaoe.  We  interpret  it 
aa  a  phenomenon  of  viscous  flowage  of  unomfined  ice. 

In  all  the  cases  which  we  have  studied,  the  phenomenon  of  the  piedmont  bulb  ex* 
pansion  is  the  product  of  a  pre\nous  statue.  We  cannot,  therefore,  give  a  description  i 
of  the  piedmont  condition  at  the  time  of  formation.  We  infer,  however,  Uiat  the  ioe  of 
the  entire  piedmont  area  \^  as  tlien  in  motion,  though  witii  great  diminution  in  velocity, 
toward  the  periphery,  reaching  stagnation  and  perhaps  being  almost  motionless  around 
fte  margin,  and  especiaUy  in  the  lateral  maigina.  Norwere  weabietodeacribetfaeiee 
emrenta  in  auch  a  bulb.  Judging  from  the  great  morainie  awlria  on  the  Malaapinn  Ghh 
cfar,  a]id  the  cresccntic  banded  moraines  on  the  Variegated  Glacier  bulb,  the  ice  currents 
are  complex  and  pec  uliar  and  a  determination  of  their  nature  would  be  a  matter  of  great 
interest.  The  currents  seem  to  give  rise  to  a  broadening  and  spreading  of  medial  and 
lateral  moraine  bands;  but  our  knowledge  of  their  nature  and  behavior  is  so  slight  that 
we  are  unable  at  present  to  go  farther  than  we  have  done  in  our  description  and  interpre- 
tation  of  the  morainie  phenomena  of  the  Variegated  Glacier. 
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Ote  inight  expect  importaoft  inioainoe  bom  upris^ 
ia  >  rouaeeJiiig  tection,  thaw  i«  gyidwica  that  tbew 

of  interior  flats.  But,  in  general,  then  does  not  seem  to  be  mndi  effect  from  uprising 
of  ice,  for  the  moraines  whidi  cover  the  piedmcat  bulbs  are  prevailingly  of  angular 

material,  such  as  falls  upmn  glacier  surfaces  and  in  glacier  reservoirs,  not  such  as  has 
undergone  the  scouring  necessary  in  bottom  ice  layers.  It  is  hoped  that  further  study  of 
Alaskan  glaciers  may  yield  facts  which  we  lack  at  present  con<xming  the  nature  of 

The  niwiinnat  bulb  ante  iriach  we  have  ao  far  atodied  have  at  aome  pteviona  ataga 
of  greater  erpawimn  apaead  to  their  preset  eitent,  and  doubtleia  futher.  Ifbt/Om 

this  expansion  was  one  of  rapid  or  slow  advance  we  do  not  know,  nor  can  we  assign  to 
it  an  exact  date.  In  the  cases  of  some,  however,  notably  the  Lucia,  Atre\nda  and  Galiano 
Glaricrs  in  Yakutat  Bay,  we  know  that  tlic  period  of  stagnation  following  the  advance 
began  not  less  than  half  a  century  ago,  for  trees  of  that  age  have  grown  on  the  stagnant 
ootar  peatioiia  cl  theaa  bidha.  A  limflar  atatenMnt  applies  to  tiie  piedaMnt  bulbs  «l 
Allen,  Bauif  and  Iffika  Glaciers  in  the  lonrer  Copper  Bher  valley,  thoo^  thegr  maj 
possibly  be  a  little  younger.  Malaspina  Glader  maintaiiiB  some  arti\  ity  throughout 
most  of  its  area,  being  motionless  only  in  a  few  parts  where  the  spreading  has  been  greatest. 

Following  the  expansion  of  the  piedmont  bulbs  came  a  cessation  of  supply  sufficient 
to  maintain  the  bulh  portion,  and  normally  one  might  expect  rapid  destruction  by  abla- 
tion. In  the^  cases,  however,  such  destruction  has  been  prevented  by  the  concentra- 
tSoB  of  mmnma  on  the  auilaoe  of  the  bulbs  so  protectiiig  the  ioe  as  to  greatty  reduce 
the  rate  of  ablatioo.  In  fact,  in  some  of  the  outer  portkmi  of  the  bulbs  the  moraine  has 
become  so  thick  that  ablation  has  almost  ceased.  From  the  forest-covered  bulbs  of  the 
Lucia  and  Atrevdda  Glaciers,  for  instance,  only  trickling  streams  of  water  ordinarily 
emerge,  and  the  stability  of  the  buried  ice  is  so  great  that  dense,  continuous  forest 
growth  covers  the  ice.  Also,  wliere  alluvial  deposits  have  been  laid  down  on  tlie  i<e, 
as  in  the  bulb  of  the  Galiano  Glacier,  the  rate  of  melting  of  the  buried  ice  must  be  ex- 
cwedinifer  doir.  In  aaoh  oaaea  it  ia  piobabfe  that  aooiea  of  jaaia,  and  perhaps  even  a 
oentmy  or  two,  win  be  raqnired  to  ramove  the  ioe  from  beneath  its  inotective  covering 
of  morafaw  and  alluvial  deposit .  The  exceeding]}  > w  rate  at  which  the  monine-covered 
ire  melts,  and  the  fact  that  Malaspina  Glacier  inside  the  moraine-covered  portion  is 
not  greatly  lowered,  is  interpreted  as  cvid<'ncp  that  this  glacier  is  still  in  motion  through- 
mit  most  of  its  area;  it  promises  a  rich  field  for  detailed  study  and  one  that  will  probably 
throw  much  light  on  the  movement  of  ice  in  piedmont  glacier  bulbs. 

AUatioH  Morabui.  In  their  present  wasted  stage  the  piedmwit  boDba  present  several 
'nt  nrnrting  phirmtmifina  dwf  fir  thn  pf  ngrnni  itf  wantagft  One  of  tiwrn  ia  tiie  paasenoe  of 
extensive  dierta  of  moraine,  some  of  which  extend  up  the  valley  Racier  portion.  Similar 
sheets  occur  on  small  glaciers  which  are  entirely  confined  to  mountain  valleys. 
though  differing  greatly  in  detail  of  form,  extent,  and  composition  from  place  to  place, 
the  ablation  moraines  tliroughout  the  region  have  the  same  general  characteristics. 
Some  of  the  details  peculiar  to  individual  glaciers  have  been  considered  in  the  chapters 
diifiiaiingthese|Jadew;itnowwniainato<^sidfff  tiieaM^^ 

On  anj  individoal  Racier  the  moaaine  sheet  lafSoond  to  vaiy  greatly  in  titidoMn  lipom 
piece  to  place.  The  broadest  areas  of  thickest  moraine  are  the  peripheral  portions  where 
stignation  has  lasted  longest  and  ablation  has,  thoefore,  been  most  effective.  Here 
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the  moraine  may  be  from  5  to  10  feet  deep.  Marginal  bands  of  deeper  moraine  also 
extend  up  the  lateral  margins  of  tiie  valley  glaciers,  marking  the  site  of  the  lateral  moraine 
accumulation.  There  are  cresceutic  bands  of  thicker  moraine  in  the  piedmont  bulbs, 
giving  rise  to  ridges  because  of  retarded  abktkm,  while  cresoentic  voUegrs  lie  between 
llie  ridgei  li^Mie  the  monine  ii  tiimiier.  As  ablatkn  pfooeedi  the  poaitioii  of  tiie  ndgee 
and  ▼aUeye  diaiige,  for  irhen  the  ridges  become  too  ste^  the  moraine  slides  into  the 
depressions.  Speaking  generaUy.  then  is  a  gradational  decrease  in  thickness  d  abla- 
tion moraine  from  the  pcripberj'  of  the  piedmont  bulb  to  the  part  of  the  valley  glacier 
where  the  ablation  moraine  disappears,  a  point  which  ^■a^ies  greatly  from  glacier  to  gla- 
cier, but  which  is  always  in  the  area  of  the  dissipator,  and  well  below  the  snow  line.  This 
decrease  in  thickwws  is  locally  interrupted  by  areas  of  thickening  on  ridge  tops  and  of 
tiluuiing  in  valkys  and  on  steep  lidge  sbpes. 

Thsra  an  variatkmi  in  nature  of  niaterial  oon^MMing  the  abk^  ^>eaking 
generally  it  is  made  up  of  frost-riven  angular  fragments  ci  rock  of  the  kind  enclosing 
the  upper  glacier,  and  often  includes  bowlders  of  huge  size.  Scratched  stones  are  also 
found,  though  not  commonly,  and  there  are  even  areas  of  clay  and  watenvashed  gravel, 
for  short  stremns  flow  on  the  moraine,  and  pools  are  not  unc*ommon.  There  are  bands, 
ditan  crescentic,  in  whidi  rocks  of  one  kind  so  predominate  as  to  ^ve  rise  to  bands  of 
ctAor  cm  the  grader  surface,  as  in  the  Variegated  Glacier.  With  our  lade  of  knowledge 
of  the  bdiavior  of  ice  currents  hi  lyroading  ^bwien,  and  oar  igDOranoe  of  the  bed  lodc 
in  most  of  the  enclosing  valley  walls,  it  is  not  possible  to  offer  a  definite  explanation  of 
these  variations.  They  are  without  qtjestion  due  to  the  flow  of  the  ice  in  the  piedmont 
bulb,  distributing  tlie  load  which  the  ice  bears  and  which  is  brou^t  into  prominence 
by  ablation;  but  the  nature  of  the  process  is  not  yet  clear  to  us. 

On  the  thicker,  outer  portion  of  the  ablation  moraine  the  soil  has  such  stability  that 
vvgetetion  grows  humiantly  and  one  often  needs  to  study  doady  to  detennine  when 
tiw  hnd  forest  ends  and  the  glacier  foiest  begina.  It  seems  that  from  5  to  10  feet  of 
monme  on  ice  in  this  climate  is  su£Scient  to  give  rise  to  sndi  a  condition  of  stability 
as  to  permit  practically  uninterrupted  forest  growth  with  spruce,  hemlock  and  cottonwood 
trees  like  those  on  land.  The  density  and  maturity  of  the  forest  growth  progressively 
diminishes  from  the  iHTiplicral  zone,  and  near  its  inner  margin  there  are  abundant  signs 
of  the  struggle  to  which  plants  are  subjected  when  growing  in  a  slumping  soil.  The 
average  age  ol  the  plants,  here,  mainly,  not  entirdy*  alders  and  wiDows,  may  bo  from 
ten  to  twenty  yean,  and  the  majority  of  individiials  are  healthy  and  nndiatuibed.  Bat 
areas  occur  where  for  some  reason  ablation  is  locally  moiie  active  and  there  plants  are 
found  overturned,  others  with  their  roots  partly  uncovered,  others  partly  inclined;  in 
fact  all  stages  in  plant  destruction  are  to  be  seen,  and  perhaps  on  the  slopes  of  some 
basin  containing  a  pool,  or  where  a  moulin  has  opened  in  the  moraine,  the  ice  itself  may 
even  be  seen.  Looking  down  upon  a  forest-covered  ablation  moraine  from  some  favora- 
bfe  viewpoint,  nanMnasaioas  of  Ihibiort  may  be  seen.  Thcgr  seem  to  be  nlatod  to  dw 
development  of  ioe  drainage  in  the  vegetation-coveved  parts  of  the  piedmont  balb;  bol 
tibey  occupy  only  a  small  proportion  of  the  vegetation-oovered  part  of  the  motaine  and 
are  mainly  confined  to  the  inner  part  of  the  zone.  Even  here,  however,  the  oonditiQil 
of  soil  stability  is  in  general  sufficient  to  permit  the  growth  of  mature  alders. 

From  the  zone  of  occasional  slumping  there  is  a  rapid  gradation  to  the  barren  zone  of 
the  ablation  moraine,  which  is  a  true  desert,  almost  devoid  of  life.  In  this  gradational 
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biltt  vmBtrtiutt  ii  struggling  against  iimwiing  odds  inttil,  ftuUy,  plant  growth  bo- 
I    comes  inposriMe  beawse  of  the  eacKsiiv  instshflHy  ct  the  soiL  llbe  seeds  of  the  eldef 

i     «n  taking  root  all  over  the  ablation  moraine  within  the  •one  of  vegetation;  and,  near  the 
inner  border  of  that  acme,  occasional  plants  may  succeed  in  maintaining  growth  for  a 
i     year,  or  two,  or  three  in  especially  stable  areas;  but,  ere  long,  even  the  uiost  stable  soil 
I     yields  to  the  undermining  and  the  shrubs  perish.  One  finds  plants  with  green  leaves, 
I     but  with  nearly  all  the  roots  exposed;  others  dead;  and  some,  overturned  and  buried, 
with  thdbr  nots  m  the  air  and  tibsir  brandies  under  ground,  sending  out  roots  ficom  the 
^     stems.  It  is  a  hopelemstrug^  and  at  a  distance  of  a  few  hundred  yards  from  tiw  inner 
alder  zone  few,  if  any,  plants  are  found.  Grassn  and  annual  plants,  and  even  lichens 
on  tlie  larger  bowlders  no  longer  find  it  possible  to  Survive  the  constant  rolling  and  slid- 
ing to  which  the  morainic  soil  is  subjected. 

When  subjected  to  advance,  as  Atrevida,  Galiauo  and  Marvine  Glaciers  were,  even  the 
acne  of  stability  temporarily  becomes  impossible  for  plant  growth.  Many  trees  and 
badies  are  dsstroyed  by  the  dirsct  thrust  and  breaking  of  tho  ioe;  but  many  more  are 
destroyed  by  the  sliding  ot  the  soil  into  the  newly-fanned  crevasses.  By  tiiem  tivo 
means  great  windrows  of  dead  alder  and  other  trees  wereoaused  by  the  1906  advance. 

On  the  ablation  moraine  desert,  where  no  plant  life  ran  find  a  ftKithoId,  the  evidence 
of  instability  due  to  rapid  ablation  is  everywhere  present.  Here  the  average  depth  of 
moraine  cannot  be  more  than  two  or  three  feet,  and  ice  is  to  be  seen  here  and  there. 
Hie  suzfaoe  is  exoeedingly  hummochy  and  in  whatever  direction  one  traveb  it  is 
neeeesaiy  to  go  up  hUl  and  down,  rising  50  to  150  feet  from  vaDey  bottom  to  hum- 
mock cresL  There  seems  no  system  in  detail,  though  the  topography  IS,  in  general, 
a  series  of  roughly  circular  or  elliptical  kettles  \^ith  enclosing  ridges  of  varying  heists. 
From  the  steeper  slopes,  bowlders  are  constantly  sliding  and  when  one  takes  a  step  on 
such  a  slope  he  may  start  an  avalanche  of  stones,  or  he  may  himself  slide  down  the  de- 
scent when  his  foot  comes  in  contact  with  the  thinly-veneered  ice  slope.  Even  on  the 
more  level  parts,  bowlders  are  often  perched  in  sndi  unstsMe  positkms  on  hidden  lea 
psdwtals  that  a  mere  touch  may  overtom  them.  Bvsry  where  instainli^  is  evident  and 
there  is  complete  demonstration  of  Uie  rapid  progwmi  ol  ablation ;  but  when  viewed  from 
a  distance  the  ablation  moraine  seems  only  a  barren  waste  of  debris  with  little  or  no  ica 
to  be  seen. 

In  spite  of  Uie  rapid  ul)lation  on  the  moraine-covered  ice,  there  is  little  flowing  water 
to  be  seen,  excepting  where  it  emerges  in  great  torrents  from  the  glacier  margins.  There 
ia  a  great  abwidanpe  ol  ttidding  riUs  down  the  steeper  shapes,  and  probably  also  be- 
neath the  morsum  on  the  lesser  dopes*  but  this  drainage  is  usually  toward  sm 
basins  horn  whidi  escape  is  found  into  the  ioe.  Now  and  then  one  of  the  kettles  has  no 
outlet  and  then  a  pool  or  pond  is  formed,  but  these  are  relatively  uncommon.  The 
nature  of  the  outlets  of  the  kettles  is  generally  hidden  from  view  by  the  d6hris  which 

I  has  slid  into  them  from  the  margins;  but  not  uncommonly  one  can  bear  the  falling  water 
as  it  cascades  into  hidden  moulins.  Only  in  the  larger  ice  valleys  are  tliere  lar^e  mouiius. 
There  the  ioe  drainage  f oUows  small  rills  into  many  small  kettles,  thence  into  the  (faciei 
and  probably  soon  to  its  bed.  Evideneeof  the  pressnee  of  at  least  some  engjarial  streams 

j  Was  seen  in  several  places  where  tunnel  ends  were  exposed  to  view  by  the  mdting  of  the 
glaciers.  Since  the  sliding  of  debris  from  tlie  ridges  into  the  kettles  transforms  areas  <A 
thicker  moraine  to  areas  of  thinner  deposit,  and  since  the  largest  fragments*  at  kasU 
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cannot  be  carried  out  of  the  kettles  into  vibkh.  they  slide,  we  aasume  that  kettle  areas  of 
one  period  become  hummock  crests  in  others,  and  that  one-time  ridges  later  develop  into 
kettles.  If  this  is  so,  the  position  of  the  glacial  drainage  is  constantly  changing  in  detail. 

By  the  ablation  and  the  consequent  drainage  some  of  the  moraine  is  carried  off  by 
the  streams*  but  the  proportion  thus  removed  cannot  be  great,  othen^'ise  it  would  be 
impoHible  for  niek  CKtHuive  diaetf  of  abUtkm  moniiio  to  •ocmnidale.  licMt  of  tlie 
riHa  are  fairly  clear  and  free  from  sediment,  and  since  the  stieama  do  not  otdinarily 
attain  large  size  or  flow  for  man  than  a  few  aoote  yards  before  descending  into  the 
Racier,  the  load  which  they  bear  cannot  be  great.  They  certainly  could  not  cany  bowl- 
ders and  large  pebbles,  and  the  evidence  is  convincing  that  they  do  not  carry  large  quanti- 
ties of  even  the  finer  material.  The  glacial  torrents  which  emerge  from  the  margins  of 
the  piedmont  bulbs  are,  however,  heavily  burdened  with  sediment;  and,  although  some 
is  doubtless  contributed  from  the  ablation  moraine,  we  infer  that  much  the  greater  pio> 
poTtkMi  is  derived  from  the  knrar  Ixytn  of  the  ^buckr. 

The  extensive  sheets  of  ablation  moraine  on  the  piedmont  bulbe  have  two  important 
effects.  In  the  first  place  they  prevent  most  of  the  local  influence  oo  climate  which  rack 
extensive  ice  sheets  would  normally  exert;  and  consequently  dense  vegetation  can  grow 
up  to  the  glacier  margin,  and  even  on  its  surface  where  soil  stability  is  sufficient.  Sec- 
condly,  they  retard  the  melting  of  the  glaciers,  especially  the  outer  parts,  so  that  such 
ice  sheets  persist  long  after  they  would  if  not  moraine  covered.  It  would  be  interesting 
to  know  the  rate  of  lowering  of  sodi  covered  gladezs,  and  it  Is  our  hope  and  caqteotattka 
to  undertake  some  such  measurement,  or  at  least  to  provide  a  beginning  for  measure- 
ment.  Until,  however,  we  have  some  carefully-run  lines  of  levels,  and  some  knowledge 
of  ground  temperature  on  and  near  the  buried  ice  masses  there  can  be  little  gained  from 
a  discussion  of  tlie  probable  duration  of  the  buried  stagnant  ice.  That  it  melts  veiy 
slowly  and  lasts  a  long  time  is  abundantly  proved. 

Moraine-covered  glaciers  are  not  confined  to  Alaska,  though  it  is  from  the  Alaskan 
leaders  that  we  have  obtained  our  fullest  knowledge  of  this  condition.  They  are  pres- 
ent  in  the  ffimalayas,  and  there  are  ioe  tongues  resembling  tiiem,  tboo^irithoat  pied- 
mont bulbs,  in  the  Alps.  In  both  these  cases,  and,  in  htA,  in  gmeral,  and  even  in  Alaska, 
the  clear  ice  glacier  is  the  normal,  and  the  moraine-covered  glacier  the  exception.  Our 
knowledge  of  the  distribution  of  this  tyjjc  of  glacier  and  of  the  surrounding  conditions 
is  not  sufficient  for  anything  like  a  final  consideration  of  its  cause.  Yet  there  are  some 
facts  already  observed  in  the  Alaskan  region  which  contribute  toward  an  explanation 
of  the  phenomenon.  Among  these  one  of  the  most  notaUe  is  the  fact  that  the  larger 
gladecB  are  less  liable  to  the  condition  than  the  smaller;  and  another  noteworthy  fad 
is  that  small,  valley-enclosed  glaciers  are  commonly  moraine-covered  whereas  the  large 
through  glaciers  are  not.  A  third  noteworthy  fact  is  that  the  ablation  moraine  is  pre- 
vailingly made  of  angular  fragments  such  as  are  contributed  by  avalanches.  The 
inference  that  we  draw  from  these  tliree  facts  is  that  in  certain  glaciers  whose  walls  are 
steep  enough,  whose  width  is  suudl  enough,  and  whose  enclosure  is  sufficiently  complete, 
enough  dfitnis  k  awtlaiifhed  into  the  reservoir  and  oat  up<»  the  valley  tongues  to 
provide  material  with  wiuch  nlthnately,  through  ahlation,  to  clothe  the  entire  glacier 
surface  witii  a  sheet  of  ablation  mofaine.  fit  brood  ^acierB  and  in  throngh  glaciers  all 
the  neeeasary  conditions  are  not  present  and  oonseqpiently  complete  covering  by  abln- 
thm  moraine  becomes  impossible. 
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Doubtless  there  are  other  factors  which  must  be  taken  into  account  in  a  complete 
analysis  of  the  phenomenon,  and  some  of  these  are  already  evident.  For  instance,  there 
must  surely  be  steep  slopes;  but  those  are  oomnKni  «iou^  and  am  preMut  «ven  in  the 
TiBeya  of  gladaB  nbksh.  hvn  no  abUtkm  mwiae.  Sufficieiitly  steep  dopes  an  ahoMt 
invariably  iaaond  where  dirindling  glacien  oocnpy  the  beds  of  valk^  overdeepened 
dnriiig  a  previous  stage  of  greater  cocpaiMioiL  Without  steep  slopes,  such  as  i^acial 
erosion  pro\ndes,  extensive  ablation  moraines  are  not  possible;  but  that  their  presence 
alone  is  not  a  sufficient  cause  is  abundantly  proved  by  the  absence  of  such  moraines 
in  valleys  whose  walls  are  as  steep  as  those  of  moraine-covered  glaciers.  Another  factor 
tkstisoeitaiiiljliiipoftaiitkfnabaityof  TbslMstablatioiimoniiMSof  th«  Yaka- 
tst  Bsj  le^on  aie  in 

are  also  present  on  graders,  like  the  Variegated,  which  d^cend  throng  vaUesTS  in  ciys- 
talline  rocks.  It  is  probable,  however,  that  extensive  ablation  moraines,  sudi  as  those 
of  Yakutat  Bay,  could  not  develop  on  glaciers  whose  entire  course  was  through  valleys 
enclosed  in  massive  gneiss  or  granite.  We  are  inclined  to  believe  that  the  absence  of 
ablation  moraine  on  many  small  glaciers,  enclosed  between  steeply-rising  valley  walls, 
fib  some  el  the  Alpine  gladers,  M  doe  inainly  to  the  stability  of  the  vaU^ 

A  third  pooaibie  iselor,  naturally  snggesled  in  this  region,  is  that  of  earthquake  aT»> 
lanching.  Valley  walls  are  greatly  steepened  by  glacial  eronon,  eqiedaQy  in  the  weaker 
friable  rocks,  and  by  shrinking  of  the  glaciers  these  too-steep  walls  are  exposed  to  sub- 
sequent weathering.  One  finds  abundant  evidence  on  every  hand  that  weathering  is 
working  rapidly  to  reduce  such  slopes,  for  avalanching  is  commonly  observed,  and  the 
rock  is  crossed  by  nfts  and  gabies,  where  weathering  is  preparing  masses  to  slide  down 
Ihe  steepened  slopes.  SomwHmws  these  gashes  In  the  upper  part  of  the  steepened  Talky 
dope  are  so  wide  that  one  cannot  cross  them,  and  seoms  of  yards  in  length.  When  an 
esrthquake  comes  there  are  many  such  masses  ready  to  fall  under  the  impulse  of  the 
aesociated  shaking;  and  we  have  abundant  evidence  that  great  numbers  of  such  masses 
did  fall  during  the  earthquakes  of  1899.  Such  masses  may  often  be  of  suflBcient  size 
to  spread  completely  across  a  valley  glacier.  If  a  glacier  bearing  such  a  load  is  caused 
to  advance  by  earthquake  avalancliing,  we  have  a  mcam  of  quickly  moving  down  the 
Tslkiy  the  ro^  maisss  whidi  the  avalanching  supplied  to  the  i^aciers;  and  if  the  pied- 
tBODtbidbsUiemselvesaretheprodactof  a  great  advance  nnder  the  earthqualnimpd 
as  is  poseible,  the  broad  sheets  of  ablation  moraine  which  cover  them  may  in  part  be  dtie 
to  this  cause.  Earthquake  shaking  would  have  the  double  effect  of  quickly  rolling 
to  the  glacier  surface  a  larger  amount  of  material  than  mere  weathering  would  supply 
in  the  same  time,  and  of  contributing  it  in  such  great  individual  avalanches  that  it  could 
spread  farther  out  on  the  glaciers  than  would  be  common  in  tiiose  avalanches  caused 
Kgr  weethering  alone.  The  aid  of  earthquakes  is  not  essential,  bnt  it  sfan|Jifies  the  pioe- 
«Si  and  is  pedbaps  an  important  factor.  It  would  also  explain  the  fact  wiiich  we  observed 
in  .4.trevida  Glacier,  that  the  area  of  ablation  BMiaine  desert  extended  Isither  op  the 
glacier  in  1909  than  it  did  in  1905. 

Inierixyr  Flats.  In  the  description  of  Variegated  Cilacicr  It  is  sh(nvn  that  there  is  a 
level  area,  crescentic  in  form,  and  bordered  by  moraine-covered  ice  wliich  rises  steeply 
100  to  150  feet  above  the  plain.  This  level  area  is  evidently  a  part  of  the  glacier  which 
for  some  reason  had  a  thinner  moraine  cover  and,  therefore,  wasted  so  mudbi  faster 
than  tite  ne%hboiing  parts  of  the  ioe  that  it  had,  by  IMS,  beoome  the  seat  of  aUnvial 
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dcfMMit  from  ^Mial  itieunfl  «merging  from  tiie  Yaa^tated.  la  1905  fee  stffl  ofetod 
beneath  tlwlkt»  and  aUuTialdepodt  upon  ft  WW  rapi^  The  advanoe  of  tlw  VaiiqgeSed 

Glacier  in  1906  overrode  a  small  part  of  the  flat  and  destroyed  one  cl  the  atieama  that 
had  flowed  out  upon  it  in  1905.  In  1900  the  ccwidiUonol  the  flat  iriiBotgiealjydMieteui 

from  the  1906  condition. 

The  interior  flat  seems  to  be  a  fairly  constant  feature  of  pietimont  bulb  glaciers,  being 
developed  ju.st  outside  the  mountain  iront.  In  the  Butler  Glacier,  for  example,  the 
intenor  flat  ia  just  withm  a  ciescntfe  aiea  of  moraine-cofvmd  ioe  aoir  oompletely 
detached  from  the  glader»  and  lepraeenthig  the  hwt  stages  in  the  destraetnn  of  a  pied- 
mont bulb.  Here  no  ice  seems  to  exist  beneath  the  former  interior  flat. 

Galiano  Glacier  also  has  an  interior  flat  area.  The  valiesr  f^aderoitpands  beyond  the 
mountain  front  and  appears  to  terminate  in  a  moraine-covered  ice  cHf?;  but  beyond 
this  is  an  area  of  lowland,  which  in  1890-91  was  the  seat  of  extensive,  alluvial-fan  deposit. 
The  advance  of  Galiano  Glacier  prior  to  190 J  destroyed  this  flat  by  disturbing  the  ice 
beneath  it,  and  also  eKtended  beyond  the  flat»  raising  the  moraine-covered  ioe  in  a  series 
of  hummocks  over  a  broad  area.  Evidently  Galiano  Glacier  has  much  the  same  ooticfi* 
tion  as  Vaiiegated  Glacier  eseqit  that  the  buifed  ice  is  thic]Ger»  and  the  aUnvial  fan  on 
the  interior  flat  was  larger. 

A  perfect  interior  flat  exists  in  the  piedmont  bulb  of  Allen  Glacier  in  the  Copper  River 
valley,  but  here  it  is  less  advanced  than  in  tlie  cases  already  descriljcd,  for  alluvial  de- 
posit upon  it  has  only  just  begun,  and  the  ablation  moraine  on  the  inner  side  is  less 
notably  developed.  It  is  possible  that  the  lake  in  front  of  the  MUes  Glacier  is  developed 
on  the  site  of  an  intniOT  flat  in  that  glacier.  The  Hen^  Gbder  on  Copper  Btvcr  wim 
has  an  interior  flat. 

There  is  no  wdl  developed  interior  flat  on  the  Lucia  Glacier,  though  in  1905  and  190<l 
Ihere  was  a  small  area  of  clear  ice  with  a  lower  surface,  in  the  midst  of  the  ablation 
moraine,  and  just  where  the  glacier  began  to  expand  notably.  It  was  half  or  three  quarters 
to  a  mile  long  and  a  quarter  of  a  mile  broad  in  its  widest  part,  and  offered  the  easiest 
route  over  the  otherwise  moraine-covered,  hununocky  surface  of  the  glacier  between 
Tenaoe  Point  and  Fbral  Bast.  This  was  being  destroyed  by  the  1900  adnmce. 

In  1906  and  1900  there  was  no  interior  flat  area  <m  Atievida  Glaeier,  but  a  ytty  per- 
fect* well-defined  area  of  clear  ice  was  introduced  by  the  1906  advance  and,  by  the  prc^ 
ress  of  ablation  in  the  interval  between  its  formation  and  our  next  visit  in  1909,  its 
clear  surface  was  lowered  well  below  the  level  of  the  surrounding  area  of  moraine-oovered 
ice.  As  a  result  of  the  1900  advance  a  similar  area,  though  not  as  well  defined  because 
not  so  thoroughly  moraine  enclosed,  de\  eloped  on  Variegated  Glacier  some  distance 
Inside  the  previously-existing  flat. 

The  interior  Bat  is  so  frequmt  an  assodate  of  the  piedmont  bulb  condition  that  we 
believe  it  to  be  due  to  the  operation  of  some  general  cause.  The  nature  of  this  cause 
is  suggested  by  the  development  of  the  area  of  clear  ice  in  Atrevida  Glacier  during  the 
1906  advance.  As  stated  in  the  discussion  of  this  phenomenon  there  is  strong  reason 
for  considering,'  it  the  result  of  the  u})flow  of  clear  ice  from  Iielow,  when,  durini^  advance, 
the  flowage  of  tlic  ice  is  retarded  by  the  resistance  of  the  stagnant,  partly  rigid,  outer 
portion  of  the  piedmont  bulb. 

Eor  the  phenomenon  we  pK^Mse  the  following  working  hypotharis,  wiioae  fuller  <jBB*> 
eussion  may  be  poslpooed  until  we  have  a  larger  body  of  observational  data  bam  st 
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greater  series  of  glaciers.  When  a  piedmont  bulb  is  fonned,  the  ice  spreads  as  loQg  as 
Ihfi  tapjAy  is  w**"****"**^,  sad,  ss  sUstkm  piooeeds*  the  surface  ol  the  btilb  beoooMS 
eosiled  inth  motaine^  if  the  supply  of  ineotpofated  dftris  is  sufkieiit  Under  sneh 
oonditions  an  interior  flat  should  not  be  expected.  But  if  a  period  of  stagnation  is  suc- 

ceeded  by  readvance,  and  espet  ially  if  tlie  advance  be  rapid,  the  spreading  of  the  ice  is 
interfered  with  by  the  stagnant  outer  part  of  the  piedmont  bulb,  and,  at  the  af){)roi)riate 
place,  rising  of  lower  ice  occurs,  introducing  an  area  of  clear  ice  where  none  existed 
previous^.  According  to  the  thickness  of  the  outer  glacier,  its  degree  of  stagnation, 
mod  the  rate  and  duiatioii  of  the  advanoa»  the  position  and  extent  of  the  interior  flat 
win  vaiy.  Urns  tritfi  two  advances  of  diHeient  intensity,  or  with  different  ioe  oondi- 
tiamk  two  interior  flat  areas,  in  different  pottioins,  magr  develop  in  the  same  glacier,  as 
lias  occurred  in  the  Variegated  Glacier. 

Marginal  Deposits.  Tne  deposits  ;i<  (  uinulating  around  the  margins  of  the  Alaskan 
piedmont  glaciers  are  complex  and  interesting.  The  most  notable  fact  is  that  they  are, 
in  the  main,  watu^d.  Doubtless  by  the  melting  of  the  ice  a  veneer  of  groond  moraine 
is  being  aocomnlated  on  the  rite  of  the  i^aeieis;  doubtless,  also^  upon  this  is  aoconii^^ 
SI  Teneer  of  angular  debris  from  the  ablation  moraine;  and  donbtless  there  are  subg^adal 
deposits  of  water-laid  material,  such  as  eskers;  but  in  the  areas  occupied  by  the  pied- 
mont bulbs  these  deposits  are  for  the  most  part  masked  by  deposits  from  the  water  which 
issues  from  the  wasting  glaciers.  The  burial  of  these  deposits  is  greatly  aided  by  the 
slowness  of  wasting  of  the  moraine-covered  glaciers,  as  a  result  of  which  even  the  glacier 
ends  tiiemselves  are  at  times  buried  beneath  eztmsive  alluvial  dqiosits.  Since  there  is 
ttopeisistent  advanee  of  tliepif4liiM>nt  bulbs  there  is  no  opportunity  forthe  devdtyment 
of  fringing  moraines.  The  glaciers  attain  a  poritkm  during  advance  and  spreading; 
and  they  retain  this  position  for  a  long  time,  not  through OOnftinual sn|qi|y,  but  because 
of  the  protection  from  ablation  whicli  their  moraine  cover  supplies.  Abundant  water 
issues  during  the  long  period  of  wastage  and  it  bears  enormous  loads  of  sediment.  Hence 
water  deposits  assume  immense  importance.  Probably  far  the  greater  part  is  deposited 
in  tiie  nrighboring  sea,  to  whieli  neaily  afl  of  the  dsgr  is  carried;  but  the  greater  portion 
ol  the  bowiders,  pebbles,  and  sand  aocumnlate  either  in  alhivial  Isns  fira 
in  deltas  on  the  fiord  shores,  or  in  the  beaches  between  the  ddtas. 

If  one  of  these  glaciers  should  completely  disappear,  there  would  be  left,  as  the  moat 
conspicuous  deposit,  a  broad,  crescentic  frontal  zone  of  coalescing  alluvial  fans,  very 
coarse  in  texture  near  the  glacier  fronts,  and  grading  to  gravel  and  .sand  away  from  it, 
with  clay  beyond  on  the  fiord  bottom.  On  the  inner  margin,  in  favorable  places  where 
the  gravds  rested  on  ic^  a  hununocky  depoat  would  devdop  as  a  result  of  irregular 
settling  during  the  melting  of  the  buribd  ioe,  with  pood  and  small  lake  areas  within  it. 
Tims  a  nMnainic  topognqihy,  kame-moraine  would  periuqis  be  better — ^would  develop 
in  a  more  or  less  perfectly  crescentic  area  around  the  outer  margin  of  the  piedmont  bulb, 
^^TJwling  outward  into  the  more  even  .slopes  of  al!u\'ial  fans  and  outwa^^h  gravel  plains. 
On  the  inner  side  of  the  morainic  crescent  would  be  a  (h'pressjon,  with  irregular  surface 
and  with  a  veneer  of  coarse  angular  fragments.  The  site  of  the  depression  is  often  oc- 
cupied fay  a  lake.  * 

Treading  tram  the  crescentic  moraine,  on  eilher  end  of  the  crescent,  there  would  ex- 
tend amarginal  band  of  deposit,  also  water^aid,  maricing  tlie  sites  of  the  marginal  streams, 
and  extending  well  up  into  the  mountain  vaD^rs.  These  marginal  stieam  deporita 
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^moald  be  wwwwKni^  oomplex,  grav«l  In  the  main,  baft  wilik  local  lake  wdiiiient  aieas» 
with  paftcbw  of  moraine,  with  induded  plant  lentama  and  peat  bogB.  with  aUefaate 
U^rwt  of  two  or  mora  of  these,  and,  in  places,  with  gradationa  to  nuoginal  vaOagra  and 

even  rock  gorges,  where  the  latoal  atieams  had  been  forced  to  cut  across  rock  spun. 
All  these  varieties  of  conditions  are  present  along  the  margins  of  the  existing  glaciers, 
and  since  they  have  been  fully  described  and  disciuaed  elsewhere,^  they  will  not  be  further 
considered  here. 

Origin  md  B§§d»  qf  JeiftNyt.  Origin  and  iViateiw.  Vaat  qnantitiea  of  See  am  <B»- 
dkaiged  from  the  three  tidal  g^aden,— Nmulak,  Tanner,  and  Hnbbaid;  and  tlie 

of  floating  ice  in  the  inlet,  particularly  in  Disenchantment  Bay,  is  very  great.  Tike  laiya 
portion  of  this  ice  is  in  small  pieces,  but  there  are  also  many  large  icebergs,  some  rising 
40  to  50  feet  out  of  the  water,  or  even  more,  and  having  a  length  of  200  to  300  feet.  Many 
of  the  icebergs,  especially  the  smaller,  are  free  from  debris,  but  large  numbers  bear  some 
moraine,  while  icebergs  black  with  included  d6bris  are  by  no  means  uuconunon.  We 
ealSmate  that  about  twenty  per  cent  of  the  feebe^Bi  oany  »  noticeable  amBaiit  of  bbo- 
lainiematerial,  andatafltSmeathooaandaof  tonaof  dttriaarebcingfl^^ 
of  Yakutat  Bay.  Naturalbr  most  of  it  is  finer  material,  but  many  icebergs  are  seen  m 
vhich  good-sized  bowlders  are  embedded.  Since  there  is  little  moraine  in  the  portion 
of  the  glaciers  above  water  level,  and  since  the  marginal  moraine-covered  portions  of  the 
glaciers  discharge  few  icebergs,  we  assume  from  the  abundance  of  debris -charged  icebergs 
that  there  b  much  moraine  incorporated  in  the  lower  layers  of  the  glaciers,  and  that  these 
dflbnsK^arged  layen  extend  a  oooaiderable  distJUKe  above  tiie  bottom  of  the  ^acifin. 

The  diadiaige  of  ioebeip  IB  almoet  eonatant|7  in  pragrem  6om  lim  fkoot  <^ 
tidal  Racier,  the  Hubbard,  and  at  frequent  intervals  from  the  other  two.  One  need 
look  at  the  Hubbard  front  but  a  few  minutes  to  see  the  fall  of  icebergs,  while  the  sound  of 
their  discharge,  and  the  waves  to  which  they  give  rise,  are  almost  incessant.  The  most 
noticeable  discharge  is  that  from  the  ice  cliff  above  water  level,  from  which  single  blocks 
and  avalanches  of  many  blocks  are  commonly  seen  cascading  down  the  ice  front  and 
tending  1]ieq)ray  high  in  the  air.  OocatiimiaWy  great  mawfia  tnmMe  down  into  the  fiotj, 
but  most  of  the  diacbaige  is  in  the  form  of  email  pieces,  n  ieir  feet  in  diameter.  St«b 
when  a  large  mass  starts,  it  usually  crumbles  in  its  descent  and  reaches  the  fiord  in  small 
pieces,  for  the  upper  ice  is  evidently  not  only  brittle,  but  weakened  by  much  breaking. 
Often,  when  viewed  from  a  distance,  the  falls  of  ice  down  the  glacier  front  resemble  a 
mass  of  falling  water.  These  icel>erg  falls  from  the  tidal  cliff  are  made  possible  by  the 
attack  of  the  sea  water  at  and  below  the  visible  cliff  base,  by  the  extensive  crevassing  which 
brealn  the  upper  glacier,  and  by  the  meltiqg  of  tlw  i^acier  in  tlw  air,  by  means  of  wb^ 
the  disruption  of  the  iee  is  ertended.  9y  these  means  tlm  fapid|y4noving  i^aeier  in 
diecked  in  its  advance. 

Work  Performed.  Because  of  the  rapid  and  abundant  discharge  of  ice  from  the  cliff 
above  tide  level  a  submerged,  proje<  ting  ice  foot  is  produced  from  which  masses  rise  every 
now  and  then,  producing  the  larger  bergs  of  the  inlet,  including  the  glassy  and  most  of 
the  debris-charged  icebergs.  Probably  most  of  these  rising  icebergs  are  small,  but  both 
RosseD  and  the  senior  author  have  witnessed  the  rising  of  large  masses,  and  there  are 

i  See  Toir.  R.  S..  The  YakuUt  Bay  Ilegioa,  Ahuka,  Profeasioiul  Paper  64,  U.  S.  G«ol.  Survey,  1909.  pp. 
Se-lOe,  US-UT;  Sbbw  fhwo—s  «f  the  Glsder  MHiim  ia  the  YaknM  Bqr  AlsAi,  WMkStt 

ftir  Gletschcrkundeb  ToL  lO.  1M6^  pp.  81-110:  voa  B^dn,  0.  D.  ZetoeMft  Mr  GMtaMen^  YsL  VI, 
1911.  pp.  104-lM. 
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many  hundreds  of  large  icebergs  floating  in  the  fiord  at  all  times,  most  of  which  must 
have  come  from  the  lower  part  of  the  glacier.  When  such  great  masses  rise  they  send 
out  huge  waTM  wbidi  enrnt  ▼iotent  mat  on  tlui  aeii^bboring  coast 

Tbe  loniMtkNi  and  diapwwan  of  kcbc^gi  piodaow  important  neoHs  In  additkm  to 
fAi^Mttg  the  advaiM:e  of  gladen.  One  d  the  most  important  of  these  is  that  of  marine 
erosion  resulting  from  the  iceb«^  waves.  Within  three  or  four  miles  of  Hubbard  Glacier 
front  iceberg  waves  are  almost  constantly  breaking,  and  frequently  with  such  violence 
that  it  is  sometimes  difficult  to  land,  even  on  a  beach,  and  dangerous  to  attempt  a  land- 
ing on  a  rocky  coast.  These  waves  are  accomplishing  far  more  work  of  erosion  than  the 
md  WKvm,  and  they  an  both  building  beachei  and  entting  sea  diffs.  Gilbert  found, 
ifiiat  our  obatgvatioiMafamdantiycopflm,  that  some 

fronts  are  at  a  higher  level  than  these  waves  now  reach,  evidently  having  been  fonned 
when  the  ^bder  iroots  were  neater  and  the  waves,  thex«fcne»  both  higher  and  mora 

vigorous. 

Since  practically  all  of  the  icebergs  melt  wiUiin  Yakutat  Bay  they  are  important  agents 
in  transportation  of  the  sediment  which  is  accumulating  there.  They  contribute  both 
totliebeadiesandtotlieiedinienUawajfimtlieiliote^iriddbaieni^^  brought 
ligr  the  i^aekl  staeams.  One  may  be  confident  tfiat  scattered  throng^  thcee  fine-grained 

segments  is  a  notable  admixture  of  coarser  ice-borne  ficagments,  even  to  the  size  of 
large  bowlders.  By  this  iceberg  disp>ersion  of  glacier-bome  material,  the  rate  of  upbuild- 
ing of  moraine  deposits  at  the  front  of  tidal  glaciers  is  greatly  diminished;  and  when  one 
finds  such  an  extensive  submarine  moraine  as  that  which  sweeps  in  a  broad  crescent 
at  the  mouth  of  Yakutat  Bay  he  may  feel  certain  that  the  ice  stood  there  for  a  long  time. 
Ikdbably,  too,itiaoompoeedinlargepartofniaterialapoqied  Into  the  sen  by  the  glacial 

Many  of  the  icebergs  are  stranded  on  the  beaches.  At  times  the  west  aboie  of  IKsen- 
chantment  Bay  and  Yakutat  Bay  as  far  as  the  Kwik  River  is  so  covered  by  stranded 
beigs  that  it  is  difficult  to  land  a  boat,  especially  when  the  surf  is  breaking.  These 
stranded  icebergs  melt  rapidly  and  contribute  much  material  to  tlic  beaches;  the  surf, 
swirling  among  them,  moves  and  grinds  up  the  beach  material;  the  icebergs  are  rocked 
and  pushedbndEandiQttii,aidiiigdireel|yinendon;andofldy  lately  do  they  fonnioeh 
aiaBqMrtaetodMceRMionbycompleldbrfateafcingtiiefin^  Ollahonb 
large  bergs  are  often  stranded,  and  when  they  run  aground,  th^  must  plow  up  the  bottom 
material,  while  when  they  break  and  the  fragments  rock  batJc  and  forth,  they  must  cause 
still  further  erosion,  and  the  waves  to  which  they  give  rise  add  materally  to  the  siuf  work 
on  the  neighboring  beaches.  Many  of  the  strandetl  bergs  remain  for  several  days  in  one 
place  and  must  give  rise  to  local  deposits  of  coarse  material,  forming  pockets  in  the  midst 
el  pkwred  vp  and  distoibed  day  and  eand  eedimwitB.  The  same  phenomennn  is  often 
otteetved  on  the  heachei  vdiere  icebergs  have  stranded  at  hl^  tide,  and  on  mdtiBg,  or 
floating  off,  have  left  podtflte  of  angular  rock  fngments  in  a  pit  in  the  sand,  where  the 
iceberg  stood.  So  much  coarse  material  is  brought  by  the  icebergs  that  all  the  beaches 
in  the  zone  of  abundant  bergs  contain  a  notable  admixture  of  coarse  fragments,  including 
bowlders  <d  good  size,  especially  at  and  near  the  low  tide  mark,  where  large  icebergs  often 
strand. 

DUptnUm  of  ih$  letberg;  Hie  disperrion  of  the  icdbeigi  of  Yakutot  Bay  is  veiy 
peeuKar,  for,  nnhrithetanding  their  abnndanoe  and  the  large  tiie  of  many  of  them.  It 
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if  lai^  liie  cue  fhit  one  is  seen  m  iJie  btoad  ootOT  part  of  tl^ 

the  ocean  that  tlMgr  ate  not  oonsidered  a  menaoo  to  navigation.  A  broad  and  constant 
itieam  of  icebergs  passes  out  of  Disenchantment  Bay,  hugging  the  west  shore,  though 
broadening  somewhat  in  the  outer  portion;  but  beyond  the  Kwik  River  few  are  ever  seen, 
and  tliey  are  nonnally  rare  in  the  central  and  eastern  parts  of  the  bay.  Practically  the 
entire  mass  of  ice  discharged  by  the  three  tidal  glaciers  is  melted  either  in  the  waters  of 
theiolet,  orbystmodingontlmwvatdMteiiartbofllieK^  Ti^iMytgy&ht' 
ent  frocn  the  oondition  at  Odumbia  Glacier  iribere  the  vaten  of  the  inlet  an  not  heaTi^jr 
burdened  with  icebergs,  lor,  in  qnta  of  the  great  amount  of  ice  discharged  from  the 
glacier,  a  few  of  the  bergs  are  curied  out  of  the  fiord  into  Prince  William  Soimd.  In 
Yakutat  Bay  some  set  of  conditknii  pwvmbi  the  diadiaige  of  the  iocbexga  thioiigih  the 
broadly -open  bay  mouth. 

The  Ice  Jam  of  June,  1910.  In  June,  1910,  the  junior  author  encountered  an  ice  jam  in 
Yakutat  Bay  which  seems  to  have  bem  caused  by  a  oonifaiBalioii  of  umuiial  coBMam 
wliidi  was  not  present  at  the  timet  of  ooreailierTiaita.  VHieiiire  sailed  into  INsendiaat- 
ment  Bay  on  June  1S>  1910^  we  foond  much  heavier  ice  at  the  native  sealing  camp  than  in 
previous  years,  and  from  that  p<Hnt  to  Osier  Island  the  boat  was  forced  through  the  ioe 
pack  witli  the  greatest  difficulty.  There  was  much  less  clear  water  between  the  sealing 
camp  and  Calahonda  valley  than  usual,  and  from  the  south  end  of  Haenke  Island  to 
Osier  Island  there  was  a  solid  jam  of  icebergs  without  any  open  lanes  whatever.  Near 
shore,  as  well  as  out  in  the  bay,  the  conditions  were  the  same,  and  only  by  pushing  the 
bergs  aside  with  boat  hooks  and  oars  were  we  able  to  keep  the  bow  and  propeller  aaft- 
dently  clear  so  that  tlie  engine  oooM  keep  the  boat  jMrogressing.  There  was  an  enormous 
and  unusual  proportion  of  bergs  so  large  that  they  could  not  be  pushed  aside,  and  the 
danger  of  their  overturning  and  swiimping  the  boat  kept  us  constantly  on  the  alert. 
The  tidal  currents  also  added  to  the  dithculty  by  drifting  towering  icebergs  down  u{x)n 
the  boat  when  it  was  temporarily  at  a  standstill.  It  took  us  from  5  in  the  afternoon  to 
lO.SO  at  night  to  travel  the  last  part  of  the  way,  a  distance  which  the  boat  ordinarily 
would  make  in  less  than  an  hour.  The  next  day  we  could  see  the  ioe  jam  dearly  and 
found  Disenchantment  Bay  and  Bussdl  Fiord  tightly  packed  with  iodbergs  (PL  XC) 
from  the  sealing  camp  to  Marble  Point,  an  area  of  between  40  and  45  square  miles.  This 
is  exclusive  of  a  great  number  of  icebergs  in  outer  Yakutat  Bay,  the  west  side  of  which 
is  commonly  filled  with  icebergs,  as  already  stated.  The  eJi^it  side  also  had  many  more 
l>ergs  than  is  common,  as  is  stated  later,  and  there  were  more  than  usual  in  Nunatak 
Fiord  and  the  south  part  of  Russell  Fiord.  Between  the  sealing  camp  and  Marble  Point 
the  fiofd  was  absohitdy  filled  with  ice,  a  conditioB  whidi  we  have  never  before  obaermil. 

On  the  evening  of  June  18th  there  seemed  to  be  a  narrow  etr^  of  cieer  water  on 
north  aide  of  Russell  Fiord  southeast  of  the  delta  of  Variegated  Glacier;  but  on  the  14th, 
when  we  tried  to  cross  to  this  from  Osier  Island  the  ice  jam  was  still  so  compact  that  the 
launch  was  unable  to  make  headway  against  it.  We  struggled  for  six  hours  (from  six  in 
the  morning  to  noon),  and  travelled  U-ss  than  a  half  mile.  The  smaller  ice  fragments 
had  frozen  together  the  night  before,  some  of  the  conglomerate  cukes  being  strong  enough 
to  bear  the  weight  of  a  man,  and  it  was  neoesiaiy  to  break  theee  apart  with  an  oar  «r 
axe  before  the  boat  oould  penetrate  throng  them.  There  were  hundreds  of  very  ]mrgB 
beigs  whete  in  previous  years  we  had  commonly  seen  a  do«n  or  less,  and  between  thena 
was  audi  a  solid  pad^  of  smaller  fngments  that  no  water  WMvinUe  in  thftfi^^  Itwnaa 
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necessaiy  to  turn  the  boat  tlui  way  and  that,  and  four  of  us  wen  busy  all  the  time  break- 
ing ioe,  pushing  bergs  from  under  the  bow  and  away  from  the  propeller  while  the  other 
three  respectively  steered  the  boat,  start e<l.  stopped  and  backed  the  engine,  and  nttonded 
to  the  smaller  boat  we  were  towinjj.  Sometimes  we  were  stopi)ed  absolutely  for  several 
minutes  at  a  time  and  now  and  then  the  tide  drifted  the  largest  icebergs,  which  we  at- 
tflBB|»todtoa.vioid,d0imcloietoiis.  HVhrnonetiftlMaebergs,  rising  fully  100  feel  abov« 
water,  and  thenioce  dz  to  eevcB  hundred  feet  from  base  to  creet,  timed  over  and  went 
to  pieces  a  hundred  yaida  from  us  we  were  not  a  little  dismi^ed*  for  if  the  same  thing 
had  ha|}peiied  when  we  were  a  little  nearer  it  woiild  have  been  entirely  impossible  to  go 
away  or  even  to  turn  the  boat  bow -on  to  tlie  gigantic  wave  which  spread  from  the  crum- 
bling iceberg.  The  filiinp  of  the  boat  liy  a  wave,  or  the  falling  of  one  of  tlio  i<  e  frafmients 
into  tlie  launch,  would  have  resulted  in  instant  disaster.  These  personal  adventures 
ammHrnledhflntodi0irlh«dBnMdianctarof  tfaeloajamonJiiM  ISth,  14th  and 
U«h.  Yentuieiome  aa  aome  ol  the  party  mn,  H  naa  agreed  by  aU  that  the  maia  of 
i<  ebergs  was  not  to  be  penetrated  by  our  boat,  and  after  struggling  to  the  lee  of  ft  iMf 
and  anchoring  at  noon  in  the  hope  of  better  conditions  after  the  tide  had  timed,  wt  wwa 
temjKjrarily  forced  to  give  up  the  struggle  with  the  ice. 

On  June  l()th,  liowever,  there  was  less  ice  in  Russell  Fiord  than  on  the  four  pre\'ious 
days,  and  we  made  our  way  slow^ly  through  the  ice  pack  to  Marble  Point,  above  which  the 
fioid  had  many  ckarlanee. 

Dvnig  the  next  two  days  when  we  were  buy  in  Nnnatak  Fiord,  Seal  Bay,  and  the 
head  of  Bnasell  Fiord  nothing  was  seen  of  the  conditions  near  Osier  IdaDd,  and  on  our 
ntan  June  10  th  the  ice  jam  had  cleared  to  such  an  extent  that  we  were  able  to  find 
enough  clear  lanes  so  that  an  easier  trip  was  made  back  to  the  \ncinity  of  the  native  seal- 
ing camp,  in  the  course  of  which  a  landing  was  effected  on  the  border  of  Hubbard  and 
Vari^ated  Glaciers  and  a  few  soundings  were  made  between  Osier  and  Haeuke  Islands 
aad  tiie  Hdbbard  Glacier.  The  mwea  from  falling  ice  pinnadea  on  Hubbard  Glacier 
were  damped  by  the  Uanket  of  iocbetgi  covering  the  fiord  so  that  theve  was  little  danger 
from  them  while  we  were  in  the  thicker  ice. 

On  June  20th,  and  again  the  next  day,  we  attempted  to  force  the  launch  through  the 
ice  of  southern  Disenchantment  Bay  to  the  west  shore,  where  we  were  most  anxious  to 
visit  Lucia  Glacier.  Similar  conditions  to  those  near  Osier  Lsland  were  encountered,  and 
although  we  went  south  into  outer  Yakutat  Bay  some  distance  toward  the  Kwik  River 
ve  were  unable  to  eroaa  the  bay.  The  hoge  balk  of  giant  ioebeiga  loomiqg  thiough  • 
danse  fog  added  to  the  difficoHy  Ikere  and  it  was  impoasiUe  to  see  any  cBstanoe  ahead. 
We  steered  by  compass,  though  with  innumerable  detours,  and  were  eventually  turned 
back  because  of  the  entire  absence  of  open  lanes  through  the  ice.  On  June  22nd  it  was 
also  impossible  to  cross  Yakutat  Bay  to  the  west  side  bc<rause  of  the  ice  jam  and  on  this 
and  the  preceding  days  we  forced  our  boat  through  much  thicker  ice  than  we  had  pene- 
trated in  the  previous  years'  work  in  Yakutat  Bay,  making  a  few  soundings  along  the 
eaat  Asm  of  Diawichantment  Bay.  Going  doum  to  Knight  Ldand,  veiy  heavy  lee  iraa 
enooantered  in  the  broad  outer  part  of  Yakutat  Bay,  tlie  pack  filling  the  bay  to  the  east 
diore  some  distance  south  of  Logan  Bea^h.  Except  for  scattered  fragments  we  have 
UBVVX  before  seen  floating  ice  on  this  east  shore.  Residents  at  Yakutat  Bay  told  US  that 
many  icebergs  came  ashore  earlier  in  June  as  far  south  as  Khantaak  Island. 

Summarised,  therefore,  the  ice  jam  of  June,  1910,  in  Yakutat  Bay,  Disenchantment 
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Bay,  and  Russell  Fiord  was  a  feature  not  observed  in  pre%'ious  years.  It  was  heavier 
near  Osier  Island  on  June  12th  to  16th  than  on  the  lOtli  and  near  the  sealing  camp  on  June 
19th  to  iind  than  on  the  12th.  We  thought  of  it  at  fiist  as  pos&ibiy  due  to  a  great 
■dvaaoe  and  incntie  of  ioebog  diacfaaige  bam  Hubbaxd  or  Nnaatilc  Glacier,  or  htA, 
This  was  periuipfl  a  ocmtributiiig  came,  but  the  dealing  iq>  ol  theioe  jam,  erea  niiflene 
were  there»  shows  that  it  waa  not  the  diief  reason.  As  a  matter  of  fact  neither  glacier 
had  advanced  much,  and  Nunatak  CHadwr  ivhicfa  moved  out  the  farthest  of  the  two  did 
not  supply  Nunatak  fioid  with  many  nKwe  ioebcfgi  on  Jane  17th  than  during  the  pie- 
vious  years. 

The  ice  jam  seems  to  be  due  mainly  to  a  climatic  combination.  There  was  an  excep- 
tionally heavy  snowfall  in  1909-10  and  a  late  spring,  for  photographs  show  that  there 
ma  mudi  mon  mow  at  lea  krvelia  Yafaitat  Bagr  on  Jane  ll-M^  1910,  than  at  llie  time  of 
BiiMeU'a  vidt  on  July  8, 1890,  or  tliat  of  tbo  Hairimaa  Eipedi^ 

Tliere  was  far  more  than  during  our  previous  visits.  The  local  climate  was  therefore 
colder,  icebei^s  melted  more  slowly,  and  their  freezing  toj^etlier  at  night  hindered  free 
floating  with  the  tide.  These  conditions,  ct^nibincd  ^^^th  a  little  increase  of  iceberg  dis- 
charge, are  doubtless  responsible  for  tlie  ice  jam  of  June,  1910.  Such  a  jam  may  occur, 
in  less  accentuated  form,  every  spring.  Our  previous  visits  have  perhaps  been  just  too 
late  to  witnen  it,  tluNi^  natiyea  have  f^orled  heavy  ice  iriikh  intarfeted  with  oealing 
operations  just  before  our  arrival  in  aeveral  previous  years.  Them  was  probably  ksi 
ioe  just  before  our  visit  in  1910,  for  a  bear  hunter  and  the  missionary  of  Yafcutat  had 
each  penetrated  into  Russell  Fiord  in  a  smaller  and  less  powerful  boat  than  ours  not 
kug  before  our  visit  in  the  middle  of  June.    They  encountered  less  ice  than  we  did. 

Since  the  ice  jam  formed  after  these  visits  and  cleared  up  somewhat  while  we  were 
there,  probably  moving  outward  down  the  bay,  it  is  thought  to  be  an  abnormal  occur- 
rence due  to  auoh  a  onmhinatjon  of  ciieumatanoea  aa  is  outlined  above. 

Them  aeema  to  have  been  a  aimilar  ioe  jam  in  Yakutat  Bay  in  tho  spring  of  1011,  aa  is 
faidieated  by  the  foDowing  letter. 

Bnnch  Hydrographic  Office. 

POBX  TOWNSBNO,  WaSH. 

AiidlT.lflL  I 

NOnCB  TO  IfABINBBS 

Captain  MtlGIBTTay  of  the  Am.  S.  S.  "BERTTIA"  reports  that  on  April  10,  1911  in  Lat.  59"  58',  X.  Lonp  , 
141°  ao'  W.  pvui  tbraufb  a  field  of  diif t  ke  aad  taxge  bei^  Ship  mt  6S  miles  £.  N.  £.  with  ioe  on  all  mdm 
MftratflOedkedldhntt.  HhdtoiloptlwiK^sew>«ilwiriwnMqosGDBeatsiheiibwfiilBalisg»dM» 
together.  Ioe  wa«  probably  blown  out  of  Diaendiaatinaat  Baj,  Lu^  iMgi  «we  dfadWag  toMid  ttM  lack 
<rf  ihini  immIiic  to  tiM  Mitnanl  of  CaiM  8L  EUm. 

A.  B.  Wrcsorr, 

The  latitude  and  longitude  gi\ t-ri  is  off  the  western  edge  of  Malaspina  Glacier  uiid 
almost  directly  south  of  the  new  Icy  Bay  (Chapter  III).  It  is  quite  possible  that  these 
icebergs  may  have  oome  bom  there  mther  than  fitom  DiacBdiantment  Bay.  Aa  di^ 
ioe  in  sufficient  amomit  to  interfere  with  navigation  ie  ciceedingiy  uraaoal  in  tiiis  part 

of  the  Pacific  Ocean  the  occurrence  is  well  worth  attention.  | 

Glacial  Sculpture  BeloiP  Sea  Level.  Glacial  erosion  above  sea  level  was  studied  in  our 
investigation  before  1!)10  and  earlier  by  Russell  and  Gilbert.  Below  sea  level  the  form 
of  the  bay  and  fiord  are  revealed  by  soundings,  which  were  first  carried  on  systematicaliy 
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ligr  tlw  junior  autiMir  in  1010.  EuHer  foondingi  IimI  been  made  as  foDowa.  In  1786 
^  Aandi  «q)]<xer,  LaPflTOUM,  racotded  dq»tiw  of  watei^ 

Bay.  In  1787  the  English  explorer,  Dkon,  sounded  in  Port  Mulgrave,  the  harbor  at  the 
east  entrance  of  Yakutat  Bay.  In  1791  Malaspina,  an  Italian  in  the  servnce  of  the  Span- 
ish, made  a  few  soundings  in  lower  Disenchantment  Bay  between  the  native  sealing  camp 
and  Haenke  Island,  and  made  a  good  map  of  Port  Mulgrave  ^nth  soundings.'  In  1788» 
1793,  or  1M7  Ruaaan  explorers  made  three  or  four  soundings  in  western  Yakutat  Bay 
near  Gafiaaa  Glader.*  OUmt  soondiniB  neve  made  in  ley  Bay  near  the  west  side  of 
Mahqiina  Glacier  by  these  Bnssians  and  by  several  En^iah  esploieis. 

In  1890  the  American  Revenue  Cutter  Corwin  took  Russdl  into  Disenchantment  Bsy, 
making  two  soundings,  which  an  officer  of  the  ship  has  since  roughly  hx^ated  for  us,  near 
the  native  sealing  camp  and  west  of  Haenke  Island.  They  also  made  several  unrecorded 
soundings,  and  Russell  *  says  that  "soundings  made  between  the  island  (Haenke)  and 
tiie  ice  foot  (Hubbard)  gave  forty  to  sixty  fathoms/'  and  that  "a  few  soundings  made  in 
IHssHchsnfment  Bsy  wiUiin  half  a  mile  ol  the  land  eiiofwed  n  depth  el  from  40  to  MO 
Isthoms."  In  1891  Rnssdl  attempted  to  detctmine  the  depths  el  water  imrbat  we  now 
call  Russell  Fiord  and  states*  that  "with  a  line  170  feet  long  we  could  get  soundings 
only  in  the  smaller  coves  and  occasionally  within  a  few  rods  of  shore."  In  1  HiH,  a  century 
after  tlie  early,  precisely-located  soundings  by  Malaspina,  the  U.  S.  Coast  and  Geodetic 
Survey  made  an  excellent  chart  of  outer  Yakutat  Bay,  showing  the  depths  of  water 
from  the  Padfic  to  the  mouth  of  Disenchantment  Bay.  This  is  the  basis  for  the  bathy- 
nielrie  map  by  Gilbert  *wliidi  is  vsprodooed  in  tiiis  book  as  Fig.  tl.  TheHatiiman 
Expedition  made  no  recorded  aonndings  in  1809,  thou^  they  careliiOy  investigated  with 
the  lead  before  taking  the  George  W.  Elder  tli  rough  Disenchantment  Bay,  NanatakFiord» 
Seal  Bay,  and  to  the  very  head  of  Russell  Fiord,  demonstrating  that  an  ocean-going 
steamer  can  sail  in  all  parts  of  this  deep  inlet,  where  floating  ice  does  not  prevent.  We 
ourselves  made  no  soundings  in  1905  or  1906.  In  190d,  however,  we  did  locate  several 
new  leefs,  north  of  Haenke  Island  and  east  of  Kni^t  Island,  whidi  were  uplifted  during 
earH^oakes  In  September,  1800.*  We  elso  made  several  huKfaed  measuienients  ef 
am^mnUi  «l  vertSoal  change  in  about  ItO  mUes  ef  dwrslinek  where  tliere  wen  uplifts  of 
litom  7  to  47  feet,  subme^gsnces  of  from  5  to  7  feet,  and  unknown  changea  ^MAtm,  wliere 
there  was  faulting  along  some  of  the  fiords.  In  1909  an  attempt  was  made  to  carry  out 
a  systematic  series  of  soundings,  but  the  attempt  failed  because  the  apparatus  which  we 
had  proved  to  be  inadequate. 

In  1010,  the  junior  author,  ably  assisted  by  Mr.  £.  F.  Bean  of  the  University  of  Wis- 
eenain,  madesoandingsthwn^boot  Buseell  Fiord  and  all  of  Diswticihantinimt  Biqr  eaocept 
tiie  ioebeig-crowded  westem  portion.  A  boat  soimding  q>paratus  loaned  by  the  U.  8. 
Coast  and  Geodetie  Survey  made  it  possible  to  secure  most  satisf aetoiy  results  which  are 

iTIien  Frencb,  En^iah,  Spaoidi.  and  Russi&n  •oundinga  are  plotted  in  the  leqieoUw  Mputls  and  sIImms 

■Bd  reproduced  hy  Russell  in  Nat.  Geog.  Mag..  Vol.  Ill,  1891.  Plates  3,  4,  0,  and  7. 

•  Shown  in  Tebenkof'a  AtU^  1852,  and  rquodnced  by  Davidaoo  in  Traas.  and  Fcoc.  Geog.  Soc  Pacific  IMM^ 
1L«. 

•  RoMell,  I.  C.  Nat.  Geog.  Mag..  Vol.  ITT.  1891.  pp.  56  and  100. 

«  KuaKll.  I.  C,  13th  Ann.  RepL.  U.  S.  G«ol.  Survey,  Part  II.  18912.  p.  90. 

•  GObcrt.  G.  K.,  Barriman  Alaaka  ExpeditJon.  Vol.  IH.  1904.  Fig.  27,  p.  W. 

•Ikai  R.  S.  and  Martin,  Lawrence.  Bull.  G«oI.  Soc.  Amer..  Vol.  17.  1906^  7L  IS  fMinC  p.  Mb  Tllinw  fwh 
MS  al»  Mimd  to  ia  U.  &  CoMt  Pint,  AlMfa,  Dut  1. 1808k  pp.  18S-18SL 
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plotted  inn. XGIaiid  inuroontoarniqM.  The dteptiba ahown  were aU  obtuned  in  1910 

exr(  i^t  the  one  of  264  feet  west  of  Haenke  Island,  which  was  made  by  the  Conrin  in  1890, 
two  of  630  and  1002  feet  respectively  in  the  mouth  of  outer  Yakutat  Bay,  made  by  the 
Coast  Survey  in  ISiH,  and  two  of  720  feet  (no  bottom),  south  of  Haenke  Island,  made  by 
Malaspina  in  1791.  None  of  these  soundings  in  1910  are  corrected  for  mean  sea  level  and 
they  were  taken  at  various  and  unrecorded  stages  ot  tide.  As  the  extreme  range  of 
tidM  at  Yakatat  Tillage  is  seven  to  ten  feet,  and  the  inazimiim  in  Bn^^ 
not  greatly  in  enseas<tflJii8»  the  greatest  eiiOT  in  any  aoonding  is  surdy  leas  than  ten  feSU 
which  for  the  purposes  of  this  discussion  is  negligible.  Not  quite  all  our  soundings 
are  shown  on  PI.  XCI,  because  of  the  small  size  of  the  map.  Each  SOOnding  is  plotted 
so  that  the  middle  of  the  figure  is  at  the  location  of  t)ie  sounding. 

These  soundings  show  specifically,  what  we  had  previously  inferred,  that  the  fiord  ia 
veiy  deep.  It  reaches  a  maiimiim  of  1 119  feet  bdow  sea  level  in  southern  Buasell  Roid, 
ifhtn  it  exceeds  even  the  greatest  recorded  depth  in  outer  Yakutat  Bay.  The  depths 
in  DiNodiantment  Bay  range  from  150  to  MS  feet»  int]i  posnbly  greater  d^ihi 
in  the  western  half  of  the  bay,  where  the  ice  jam  made  sounding  impossible.  There  is  a 
channel  east  of  Hnonke  Island  sloping  regularly  southward  from  264  to  576  feet.  North- 
western Russell  Fiord  slopes  southeastward  from  216  to  888  feet,  being  shallowest,  as  Dis- 
enchantment Bay  is  also,  near  Hubbard  and  Variegated  Glaciers.  Nunatak  Fiord  has 
depths  of  £rom  261  to  055  feet,  not  sloping  regularly  as  northweston  Russdl  Fiord  doss. 
Soittiieni  Bossell  Fiotd  has  depths  of  fnm  785  to  1119  feet,  with  npidly  shoaling  water 
in  Seal  Bay  near  Hidden  Glacier  and  at  the  head  of  the  bay  wkete  the  fiord  emerges  from 
its  mountain  walls  and  expands  in  the  Yakutat  Foreland.  In  all  parts  of  the  inlel  the 
water,  of  course,  shallows  rapidly  near  shnte  but,  as  Buasdl  observed,  the  fioid  n  enreqr* 
where  deep  and  steep-sided. 

The  great  depth  below  sea  level,  the  form  of  the  submerged  topography,  and  the  de- 
partures from  normal  slopes,  etc.,  are  all  explained  satisfactorily  by  ^Ubcial  erosion,  vrfiidii 
seems  to  have  completely  erased  the  structmal  or  sfieem'carved-and-sabmeiged  pse- 
gladal  topognphy.  The  features  in  connection  with  facial  deposits  below  sea  level 
will  be  taken  up  on  a  subsequent  page.  Those  due  to  glacial  sculpture  fall  under  the 
headings  of  (a)  the  fiord  cross  section,  (b)  the  ^g'*«H*"**  bottom  profile  of  fiords,  (c^ 
the  submerged  lianging  valleys. 

The  fiord  cross-section  (Figs.  17  and  18)  is  plainly  that  of  a  round-bottomed  V,  ss 
Davis  lias  phrased  it,  ntiux  than  the  crften-quoted  U-shape.  The  slopes  abofve  and 
below  sea  level  are  not  casentiaHy  different.  Knowing  the  depths  of  water  in  the  fiord, 
and  the  steep-aided  character  of  the  fiords,  the  bulk  of  rock  eroded  in  the  formation  of 
these  fiords  could  be  conqiiited  and  llie  result  would  be  a  striking  figure.  How  rapidly 
the  water  deepens  offshore  in  places  is  shown  by  the  fact  that  a  sounding  100  yards  from 
the  coast  near  Pt.  Latouche  at  the  east  entrance  to  Disenchantment  Bay  gave  'Mi  feet, 
a  slope  of  over  4o  degrees.  The  fiord  cross-section  is  a  simple  one  and  its  large  pattern 
is  tiiat  of  gladal  erosion,  in  oontiast  witii  the  angular  pattern  of  Isiihing  or  the 
complex,  smaIl"teKtured  pattern  of  stream  erosion. 

The  longitudinal  bottom  profile  of  fiords,  brings  out  three  points:  (1)  we  cannot  die* 
tinguish  irregularities  due  to  glacial  erosion  feom  those  due  to  glacial  deposition  below 
water  by  soundings  alone;  (2)  the  vertical  range  in  the  bottom  profile  constitutes  a  marked 
contrast  between  fiord-bottom  profiles  and  those  of  stream  vall^;  (3)  because  of  the 
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flaitish  bottom  revealed  in  cross-sections  and  the  straightness  of  fiord  walls,  a  number  of 

The  fint  point  u  wdl  broo^t  out  by  cnmpMing  the  submerged  contours  of  nogrth- 
westem  Russell  Fiord  thoflo  of  Nunatak  Fiofd  and  southern  Russell  Fiord.  The 
bottom  profile  of  the  former  reveals  a  persistent  southeast  slope  at  the  rate  of  nearly 

sixty  feet  to  the  mile,  while  the  latter  do  not  slope  consistently  but  have  marked  up  and 
down  gTJwles.  These  might  perfectly  well  be  due  either  to  irregular  ghu  ial  scooping 
or  to  moraines  below  sea  level,  resting  on  a  simple  slope  similar  to  that  in  northwestern 
BmeD  Fiotd.  ^thgladenof  tbbaie»di0He&tialgIaci«leioflMnof  twoorthieeh^ 
died  feet  in  a  dirtanee  of  aevetal  mOm  in  a  lonfftadinal  valley  is  petfectly  po—iMe,  as 
fascial  rock  basins  in  various  regions  testify,  but  submeigBd  moraines  of  this  hei|^t  an 
also  possible.  It  is  enough  to  point  out  here  that  the  bottom  profiles  are  thus  interrupted, 
as  in  Nunatak  Fiord  and  lower  Russell  Fiord,  in  contrast  with  regular,  uninterrupted, 
bottom  slopes  in  northwestern  Russell  Fiord  and  the  channel  east  of  Haenke  Island  in 
Disenchantment  Jiay,  and  that  we  ascribe  some  such  interruptions  in  grade  to  glacial 
scooping,  and  otheia  to  snbnetged  moiainei.  Imperfectly  eroded  knoba  snrroonded  hf 


Aai  17.  Smamm  ee  ftMb  Bat  jon  Bnaaa  Gusna  wtm  fas  Sombmbd  fftwame  Tum.  Ciosi 
flnoBoa  or  BiMUi  Aon.  Ymmaot  ian  Bamaama,  Bourn  mm  Bma, 


deep  water  also  exist,  such  as  the  12  foot  shoal  near  Oder  Island  where  the  Frinc&tt 
Maquinna  grounded  in  1913. 

Tlia  aeoonl  point,  regarding  longitndfaial  Boid  bottom  pnllles  in  eonlnst  irith  kmgE- 
todinal  pioffles  of  stieam  Talleyi^  oamMt  be  iBieossed  adeqnate(y  with  ^ 

regarding  the  cause  of  these  interruptions  of  fiord  bottom  slopes.  H  some  of  the  two  or 
three  himdred  foot  interruptions  in  slope  are  in  rock,  and  not  due  to  moraine  accumula- 
tions, we  have  an  excellent  argimient  in  favor  of  the  glacial  origin  of  these  fiords,  for 
upgrades  of  200  to  300  feet  arc  imj)ossi})le  in  stream  valley  profiles,  wIk  roas  rock  basins 
would  naturally  develop  in  fiord  bottoms  or  in  valleys  above  sea  level  when  eroded  by  ice. 

The  mtp  shows  daarfy  that  many  paialM  longitudinal  bottom  profiles  are  posnUa 
with  the  width  of  the  fbttish  iioid  iiom  M  in  northir^^  Tliiseoii- 
trasts  maricedly  with  the  bottom  of  a  submeised*  stream-eroded  valley  where  the  medial 
bottom  profile  is  rarely  straight  and  almost  never  could  have  a  single  similar  profile  parallel 
to  it.  There  are  no  sul)mcrged  spurs  entering  the  fiord  from  either  side.  The  l>ottom 
profiles,  longitudinally,  sfiow  tliat  the  fiord  is  exactly  similar  in  plan  alxjve  and  hclow 
water  and  is  characteristically  of  the  large,  simple  pattern  produced  by  great  ice  erosion. 

The  sabmetged  hanging  valley  is  wdl  illastmled  by  Seal  Bay  (Fig.  17)  vdddh  is  from 
180  to  000  feet  deep  and  hangs  i^ipnsimately  400  feet  above  Bussd  We  think 

of  no  emsnfisl  diflerenoes  in  odgb  between  the  hanging  vaUqr  above  and  bdow  sea 
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level  and  in  this  case  it  is  very  clear  that  the  four  hundred  feet  of  discordance  measures 
the  difference  in  erosive  power  of  the  former  Russell  Fiord  Glacier  and  the  smaller  ice 
stream  of  its  tributary,  the  Hidden  Glacier.  That  the  Hidden  Glacier  was  not  wanting 
in  erosive  power  is  evidenced  by  its  steep  valley  walls  below  sea  level  in  Seal  Bay  as  well 
as  above  sea  level  near  the  present  glacier.  The  lip  of  this  hanging  valley  also  testifies, 
by  its  position  well  out  in  the  fiord,  that  the  Hidden  Glacier  pushed  the  Russell  Fiord 
Glacier  well  to  the  west  at  their  junction,  thus  lessening  the  discordance  of  junctioD. 
That  Hidden  Glacier  did  not  erode  as  fast  as  the  main  ice  stream,  however,  is  shown 
conclusively  by  this  submerged  hanging  valley. 

The  hanging  valley  condition  also  exists  near  Cape  Enchantment,  the  junction  of 
Nunatak  and  Russell  Fiords,  where  the  distributary  of  Hubbard-Variegatcd  Glacier 
moving  southeastward  in  the  northwest  arm  of  Russell  Fiord  was  evidently  stronger  than 
the  former  Nunatak  Glacier.  The  amount  of  discordance  may  be  as  great  as  444  feet 
or  as  little  as  200  feet,  depending  on  whether  there  is  a  submerged  moraine  here.  It  is 
clear  from  these  soimdings  near  Cape  Enchantment,  and  from  the  upslope  toward  Varie- 
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gated  Glacier,  that  the  ice  from  Nunatak  Fiord  did  not  move  northwestward  toward 
Hubbard  Glacier  for  a  very  long  time.^  That  this  hanging  valley  is  not  due  to  faulting 
is  shown  specifically  by  two  soundings  of  888  feet,  on  either  side  of  a  fault  line  whicb 
traverses  the  fiord  bottom.    The  cliff  of  the  hanging  valley  is  a  mile  east  of  this  fault. 

A  third  pronounced  case  of  topographic  discordance  below  sea  level  is  the  channel 
east  of  Haenke  Island  in  Disenchantment  Bay,  whose  relationship  to  Disenchantment 
Bay  is  very  much  like  that  of  the  valleys  nortli  and  south  of  the  nunatak  of  Nunatak 
Glacier.  The  end  of  this  channel  hangs  at  least  two  or  three  hundred  feet  above  the 
main  Disenchantment  Bay,  the  depths  of  water  in  the  western  part  of  which  are  still 
partly  undetermined. 

It  is  to  be  noted  that  these  submerged  discordances  (200  to  450  feet)  are  less  than  those 
above  sea  level,  for  example  1300  feet  in  one  hanging  valley  of  Nunatak  Fiord,  and  per- 
haps 1500  or  2000  feet  in  others.  This  is  because  glaciers  which  are  large  enough  to 
descend  to  sea  level  usually  are  less  discordant  in  size  and  power  than  those  small  glaciers 
which  do  not  reach  the  sea. 

The  soundings  also  reveal  the  total  amount  of  discordance  of  a  number  of  hanging  val- 

« That  one  of  the  laat  movementa  was  northwestward  u  amply  proved  by  descending  glacial  grooves.  locbe 
moutonn^  forms  with  crag  and  Uil  details,  etc.    See  Professional  Paper  64,  U.  S.  G«ol.  Survey.  1909,  p.  119^ 
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I    ItjB  ulioM  movtlia  an  not  mlniMiged.  C»1dMHid>  TaDcgr,  for  example,  hangs  about 
MO  feet  above  eastern  Diaeoduuttment  Bay,  miinu  the        amoaiit  to  niueb  its  rack 
fip,  DOW  buried  bgr  ontwash  gravds,  ISes  below  sea  level.   The  Aquadulce  vallegr,  at  the 
native  sealing  camp,  probably  hangs  more  than  000  feet.    Several  small  valleys  on  the 
!     west  side  of  lower  Russell  Fiord  hang  one  or  two  hundred  feet  above  sea  level,  but  their 
j     total  discordance  to  the  bottom  of  Russell  Fiord  is  1000  or  I'^OO  feet.   The  visible  700  foot 
;    discordance  of  a  prominent  hanging  valley  in  Nunatak  Fiord  is  increased  to  over  1300 
!    ieetbgrfhadciifhof  eutoMSIsetolivatflriiithefiocd. 

It  it  imposrible  to  state  hoir  maA  Turner  Glacier  haagi  above  the  bottom  ol  I>i8eifc- 
cfaantment  Bay,  for  soundings  are  lacking  here.   Turner  is  much  smaller  than  Hubbaid 
Glacier  and  the  discordance  should  be  great.    The  visible  discordance  is  at  least  four  or 
j     five  hundred  feet,  to  which  the  nearest  soimding  adds  only  276  feet.    Between  this  sound- 
'     ingand  the  Turner  Glacier,  however,  is  just  wliere  the  powerful  Hubbard  Glacier  should 
have  eroded  most  deeply  within  the  steep  walls  of  Disenchantment  Bay,  and  we  should 
I    be  saipriaed  if  the  irater  is  not  over  MW  or  1000  feet  deep  ill  that  p 
I      MsMiyftf  OMol  IVpoMft.  The  soundings  in  the  fiotds  tiibataiy  to  Yakotat  Baj 
add  to  our  knowledge  of  the  glacial  deposits  below  sea  level.    It  is  unfortunate  that  time 
m  not  availabfe  for  detennining  the  material  on  the  bottom  of  the  fiord  and  lor  tak^ 
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temperatures,  etc.,  and,  in  the  absence  of  bottom  samples,  little  can  be  said  of  the  specific 
I  nature  of  the  submerged  glacial  deposits.  We  can  speak  more  definitely,  however,  of 
'    the  topography  of  some  of  the  underwater  deposits. 

In  Nimatak  Ikrd  Ihe  soimdingB  nnraal  a  shoal  a  little  less  than  4 
ioafiwnt  (Fli.  10).  I^pon  this  the  water  is  Ml  Iset  deep  in  mid  Iknd  so  that  the  shoal 
liM  tM  feet  above  the  fiord  bottom  to  the  east  (tonpraid  the  giader)  and  about  the  sam 
smoont  above  the  more  distant  deep  region  to  the  west.  This  may  be  either  a  moraine 
or  a  rock  ridge.  The  ice  front  stood  here  as  recently  as  1899  but  we  do  not  know 
for  how  long.  We  had  previously  suspe<*ted  a  shoal  here,  for  large  icebergs  habitually 
stranded  upon  it,  especially  near  the  north  shore,  in  1905  and  1909.  It  may  be 
morainic,  as  Fig.  10  suggests.  It  Is  el  uidelennined  iridth  and  descends  most  steeply 
en  the  east  side  (saggesUng  an  ioe  contact),  wboe  the  slope  is  not  less  than  900  feet 
to  tiie  mile,  and  probably  much  less  steeply  on  the  nest  where  the  slope  is  between 
!  100  and  200  Isit  to  the  mile  and  flattens  to  84  feet  to  the  mile  and  less  in  a  short  distance 
I  where  there  may  be  stratified  deposits  built  by  former  streams  from  the  ice  and  by  fiord 
currents.  As  the  glacier  is  known  not  to  have  halted  verj'  long  at  this  1899  jMisition 
we  regard  it  as  possible  Uiat  the  submerged  moraine  is  built  upon  a  slight  irregularity  of 
the  fiord  bottom,  due  to  differential  glacial  erosion;  but  we  do  not  know  raough  ol  the 
nfetive  veaistaiiee  to  gladal  erosion  by  the  neks  making  the  fioid  bottom  to  detennine 
I    tfaii,  and  it  ii  ooosidaed  possible  rather  than  probaUe. 
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<if  DuenchantDMiitBfly^aiulRiuMSFlo^  (Fig.  20)  whrn  the  water 

IsoiiIySldtoSWfeetdA^moontnst  with  depths  of  500  to  800  fe«t  neir  by  in  BimeD 
Fbrd  and  probable  depths  of  900  to  1000  feet  in  Disenchantment  Bay.  Tliti  mty  be 
legarded  as  a  nunaine  rather  than  a  place  when  the  fiord  was  originally  shallow  (1) 
because  of  the  suggestive  slope  of  the  mountain  wall  behind  Osier  Island,  which  should 
presumably  descend  as  steeply  below  sea  level  as  it  does  abo\  c,  judging  by  otlier  cross- 
sections  of  the  fiord,  and  (2)  because  Hubbard  and  Variegated  Glaciers  are  directly 
behind  the  shallow  region  and  are  still  building  up  a  deposit  near  by.  This  is  being  built 
iq;»  by  diiect  duduufe  of  tiie  dfibris  earned  to  tbeiee  front  of  Hubbaid  Glader,  and  Iqr 
sediment  from  the  stieams  beneath  and  at  tfaemazginof  Hobbaid*  and  from  the  Van»> 
gated  and  Orange  Glacier  streams  whose  great  volume,  muddiness,  and  \nsible  deltas 
show  how  much  detritus  is  being  carried  into  the  fiord.  Beyond  the  ice  front  and  the 
shore  the  floating  iceficrgs  are  also  adding  to  the  submarine  deposits.  The  fiord  is  very 
shallow,  certainly,  as  might  be  natural  at  the  bifurcation  of  this  valley  wliere  erosion  is 
not  concentrated.  Unfortunately  we  do  not  know  the  depths  in  the  uncharted  waters 
of  Uie  west  side  of  Hnbbaid  Glacier  and  in  front  of  the  Hsenke  and  Turner  Gkeien. 
The  moraine  if  sodi  it  b^  ii  somewiiat  abnomal  in  plan  beeanse  buitt  at  the  jnnetkii 
of  two  fiords  and  its  smfaoe  shows  noUiing  of  the  sleep  ioe^Dontact  featoie  of  tbe 
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supposed  moraine  near  Nunatak  Glacier,  because  the  ice  front  has  not  yet  retreated 
from  it.  The  water  is  deepest  in  mid-fiord,  as  might  be  expected,  but  within  a  hundred 
yards  of  \'ariegated  Glacier  the  water  is  105  feet  deep  and  increases  rapidly  westward. 
We  do  not  regard  it  as  demonstrated  that  this  is  a  moraine  rather  than  an  originally 
sfaaUow  part  of  the  fiord. 

A  third  shoal,  ^ndiich  pretty  surely  represents  a  moraine  under  water,  lies  afaoot  7^ 
miles  north  of  the  head  of  Russell  Fiord  and  is  of  especial  interest  because  we  had  previ> 
ously  postulated  a  halt  of  the  ice  front  of  the  expanded  Russell  Fiord  Glacier  at  about 
this  point,  in  connection  with  (a)  overridden  glacial  gravels  (b)  the  beaches  of  a  marginal 
lake  in  the  lower  end  of  Russell  Fiord.'  Botli  Russell  and  Gilbert  recognized  tlie  evi- 
dence of  this  former  lake',  and  Gilbert  detected  the  signs  of  overriding  in  the  gra\  els.* 
There  should  be  a  mondne  at  the  junction  of  the  southward  limit  of  ovenidden  gravels 
and  the  nmthward  limit  of  the  abandoned  beach  whidi  wme  first  shown  upon  a  map  in 
1905;  and  just  here  the  submerged  moraine  was  found  in  1910.  The  water  is  8£8  feet 
deep  at  this  point  and  1110  and  1044  feet  on  either  side,  so  that  the  lieight  of  the  submerged 

»Tur.  B.  &  sad  MaHia.  UmvBoah  BidL  Amcr.  (kog.  8o&,  ^ 
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abovvlkicdlMvttomfealleMttnfeetcooiiwndeai^  Hie 
inlemd  conditiMiii  in  MNitlMni  BimmB  Fkml  bdove,  during,  and  dnoe  die  building  cf 
ttfltrabinerged  monune  are  shown  in  the  three  maps  of  PL  XCII.  If  this  is  ivliolly  a 
moraine  the  ice  must  hftve  halted  hece  a  kMDg  tiiiM^  lor  eocamulatioa  under  watw  miMk 

be  ver>'  slow  indeed. 

In  outer  Yakutat  Bay  the  great  shoal  at  the  entrance  is  surely  morainic,  and  there  may 
beaaeoond  moraine  bdoir 
tea  level  northiwat  of 
Xni^t  Island  (F|g.  tl)  aa 
Gilbert  has  Afliwn.^  Itia 
of  interest  to  compare  this 
outermost  moraine  of  tlic 
Ma  1  a  s  p  i  n  a  -  Disenchant- 
ment  Bay  Glacier  with  the 
onteiBMWt  monbie  of  the 
Russell  Fiord  Glacier. 
Thefonner(Fig.  21)  is  two 
or  three  mile';  ■wndc,  rising 
800  to  400  fe€t  above  the 
bottom  of  the  inner  bay, 
and  sloping  steeply  sea- 
ward  on  the  Pacific  iide» 
where  there  ia  no  marified 
convexity.  This  contrasts 
^nth  the  Russell  Fiord  ter- 
minal moraine  whose  inner 
face  is  revealed  by  the 
soundings  in  1910  (PI. 
XCn).  The  Bussell  Fiord 
nunaine  is  neai^y  twioe  aa 
iride,  rising  to  iqifnood- 
mately  200  feet  above  sea 
level,  or  275  to  980  feet 
above  the  bottom  of  the 
expanded  end  of  Russell 
Fhnd.    It  is  maiioedly 

eonrex  seaward  and  is  bordered  by  a  gently-aloping  ontwash  plain.  Because  the  glacier 
ivaa  not  cut  back  by  the  ocean  waves  and  melted  bads  by  the  salt  water  it  had  the 

form  of  a  btilh  glacier. 

Other  t()[)ographic  features  suggestive  of  either  moraines  helow  sea  level  or  ridges 
between  rock  rimmed  basins  of  the  hord  bottom  (PI.  XCIj  are  (Ij  near  Shelter  Cove 
in  southern  Russell  Fiord;  (2)  between  Bay  and  Cape  Enchantment;  and  (3)  im- 
mediately east  of  the  lip  of  the  hanging  valley  of  Nonatak  Fiord.  In  each  case  the 
topographic  fonn  of  the  fiord  bottom  indicates  either  a  mtMrainic  shoal  or  an  irregularity 
m  facial  seoliitare.  The  first  of  theaeafaoab  rises  T6  to  100  feet  above  the  general  fiord 

G.K^aafiiiwi  Ahdw  RwpsdWoa,  Yd.  m  IWi  pp*  4t-W. 
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bottom  and  is  in  a  narrow  place  in  the  fiord,  thou^  the  monntain  walla  ag»  the  nomal 

diwtanim  'apart.  Here  the  lower  part  of  the  glacier  ehould  erode  most  eflPectivel y  instead 
olleaving a  shoal.  On  tlie  other  liand,  there  are  no  abandoned  beaches  extending  up  to 
this  place  as  in  the  case  of  Uio  submerged  moraine  three  miles  south  of  it  and  we  are 
not  inclined  to  think  that  the  irregularity  represents  a  halt  of  the  ice. 

ht  the  aeeond  caie  the  upgrade  of  £10  feet  in  the  southward  sloping  fiord  bottom  south 
€l  Cape  Eadiantment  niay  be  dna  to  inqierfect  glacial  mmI^^ 
ate '  which  outcrops  just  here  on  the  flotd  walls.  The  third  inegalaiilyv  at  the 
of  Nunatak  Fiord,  rising  200  feet  above  the  fiofld  bottom  to  the  east,  is  also  possibly 
explained  either  ?)y  glacial  sculpture  or  as  a  submerged  mnr^ru^  between  which  it  ia 
impossible  to  discriminate  with  the  facts  available. 

The  soundings  made  in  1910  also  establish  the  fact  that,  deep  as  the  water  is,  it  is  prac- 
tically impoanUe  that  any  of  the  glacier  fronts  of  Disenchantment  Bay  and  Russdl 
Fiotd  are  floating  now  and  they  do  not  seem  to  hm  been  afloat  at  any  stage  of  ^bdt 
expansion,  judging  by  the  depths  of  water.  This  means  that  there  waa  ahraya  active 
glacial  grinding  on  the  fiord  bottom  and  the  problem  arises  as  to  where  this  eroded  mate- 
rial is  now.  In  Russell  Fiord  tlie  volume,  merely  from  the  part  of  the  fiord  below  sea  level 
would  be  many  cubic  miles,  and  tlie  soundings  show  that  more  material  was  eroded 
above  sea  level  than  below.  Some  of  this  material  makes  up  the  great  moraine  south  of 
RussdD  Fiord,  some  is  in  the  submerged  moraines,  and  a  great  deal  has  gone  out  to  aea. 
8onie^  however,  doubtless  remains  in  the  fifltd  bottoms*  malJng  it  mipoanbfe  to 
near  a  given  sounding  goes  to  the  rode  bottom  of  the  fioid.  The  measures  of  gladal 
erosion  are,  therefore,  all  minima. 

In  Disenchantment  Bay  and  Russell  Fiord  we  have  no  determinations  of  bottom  mate- 
rial, but  in  outer  Yakutat  Bay  the  Coast  Sur\'ej-  chart-  supplies  some  data,  though  not 
enough  for  a  thorough  study.  It  is  evident  that  the  sedimentary  material  would  be 
chiefly  clay  in  depths  of  water  such  as  this,  and  the  offshore  slopes  are  sudi  that  sand 
ahould  not  nonuify  be  eaiiied  voy  far  olhhora.  In  Disenchantment  Bay  a 
sounded  In  1010  off  the  delta  of  Calahonda  valky  was  as  IoOowb: 

Distance  from  shore  Depth 

1-8  mUe:   Mleet 

S-16  "    Ill  - 

1-4    "    tM  - 

M  •«   m  - 


The  Initial  slope  of  the  submeigBd  delta  end  is  at  the  late  of  1000  to  1800  feet  to  the 
about  the  seme  as  the  rede  soilMse  upon  wliidi  it  has* 

A  similar  section  off  the  delta  of  the  Hidden  Glsder  stream  In  HusseD  Fiord  Aama  a 
first  slope  at  the  nte  of  over  IMO  feet  to  the  mile^  whioh  soon  flattens  out. 

Dida$u»  from  BkorB  DffA 

About  100  yards   0  feet 

1-8  mile  195  " 

1-4  "    180  " 


•Thi^  R.  S.  and  Butirr,  B.  Pmre.sional  Paper  64.  U.  S.  GeoLSsmar,  IMN^  PL  XZTVIL 
■  ChMt  64Sff,  U.  a  CoMt  uid  G«odetk  Survey,  1901  tad  1810. 
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Bmmm  of  IIm  ateep-iaded  dianelir  ol  tiw  fioKda  in  tfa^ 
flteqplj  into  deep  water  that  Mud  flluNild  not  be  found  very  far  offshore. 

In  outer  Yakutat  Bay,  idiere  we  have  both  soundings  and  bottom  determination!, 
the  Coast  Survey  chart  shows  sand  in  depths  of  27  to  SO  feet  ofT  the  borders  of  the  big 
alluvial  fans  of  Malaspina  Glacier.  The  desi^'nations  "rocky"  and  "small  stones"  are 
used  in  certain  places  near  the  mouth  of  the  bay,  from  which  we  infer  there  are  submerged 
monunen.  Clay  is  the  materiai  over  nearly  the  whxAe  of  the  bottom  of  outer  Yakutat 
Bay,  the  diart  Aamag  Jaiae  mud  and  blade  mud  in  a  great  many  iwtmrHngB  in  deptha  ol 
fram  ISO  to  680  leeL  Then  is  far  more  sand  near  the  west  than  near  the  east  Aon, 
where  there  are  now  no  great  atfoama  adding  to  the  submerged  facial  deposits. 

Thr^  things  stand  out  in  connection  with  the  submarine  def)osits  in  Yakutat  Bay  and 
they  are  all  related  to  the  glacial  character  of  these  sediments.  (1)  These  muds  and  clays, 
when  consoUdated,  ynW  make  shales  of  considerable  area  and  great  thickness,  and  there 
win  be  far  move  shale  than  sandstone;  (2)  the  shales  will  be  largely  nnoiidiiied,  because 
aoki8»  a  frntportion  ol  tlie  material  was  gioiind  by  the 

(8)  they  will  be  distinguished  from  normal  shales  and  may  be  identified  as  marine,  gladal 
dspomta  by  the  angular,  striated  pebbles  and  bowldns  leattcted  through  them  by  float* 
ing  icebergs.  Enormous  deposits  of  this  sort  are  accumulating  in  Yakutat  Bay  and  its 
branches,  Disenchantment  Bay  and  Russell  and  Nunatak  Fiords,  especially  near  the 
ice  frontsof  the  Turner,  Hubbard,  and  Nunatak  Glaciers  and  also  where  the  streams  from 
Vari^ted,  Hidden,  Butler,  Fourth,  and  smaller  {^acieis,  and  Blad^  Galiano.  Atrevida, 
Lnein»  and  Malaipiiia  CUnoieisaie  pouring  out  sediments  for  submarine  i^adal  deposits. 
These  far  exceed  in  extent  the  tin  and  bowlder  ridges,  wUcb  rise  here  and  then  above  the 
ficHNl  bottom* 

« 

Contributions  to  Interpretation  of  Glacial  Phenomena 

The  Yakutat  Bay  region  has  given  us  a  number  of  facts  of  observation  which  have  a 
direct  bearing  upon  the  interpretation  of  glacitU  phenomena  in  regions  of  former  glacia* 
tidB.  It  b  a  ngioB  of  gnat  codsting  glaciers,  a  region  Iram  wbkh  still  gnater  gladen 
bavn  only  noent^  ninafced*  and  a  region  of  ood  tempemte  dimate,  iriuch  has  given 
rise  to  phenomena  more  clearly  resembling  those  of  the  wasting  gladers  of  the  Glacial 
Period  than  are  observed  in  the  margins  of  the  larger  glaciers  of  the  colder  frigid  zones. 
To  the  student  of  glacial  phenomena  most  of  the  applications  to  interpretation  of  glacial 
features  in  other  regions  will  be  apparent  from  a  reading  of  the  preceding  chapters;  but 
the  matter  seems  of  sufficient  interest  to  warrant  its  specific  consideration  in  a  few  brief 
paragraphs. 

TkB  Piedmimt  ConHUen.  When  leaden  descended  from  mountain  TaUeys  vpoa 

bordering  plains  or  plateaus,  or  into  broader  valleys,  they  expanded  during  file  Glacial 
Period,  as  they  do  now  in  Alaska.    Piedmont  bulbs  and  piedmont  glaciers  spread  out 
at  the  base  of  the  mountains  in  Switserland,  Germany,  Austria,  and  Italy;  they  devd- 
is 
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oped  in  wteatem  Nortii  Ammca,  and  doubtkn  in  all  mountain  aieai  wiiete  the  oonditions 
resemble  tbooe  d  Alaska.  Any  stodeot  ci  tbe  phenomena  to  wliidi  these  ancient  ex- 
panded  ^acien  gave  rise  receives  aid  irom  the  resnks  of  the  study  ol  the  living  Alankan 

rqjresentatives  of  the  type. 

Deposits  of  Piedmont  Glaciers.  The  extensive  crescentic  moraines  of  the  Alpine  pied- 
mont glaciers,  the  extensive  development  of  associated  outwash  gravel  deposits,  and  the 
depressions  within  the  crescentic  moraines,  often  occupied  by  lakes,  are  so  Uke  the  Alas- 
kan conditions  as  to  make  it  certain  that  their  interpretation  will  be  aided  by  a  knowl- 
edge of  the  Aladna  phenonieiia.  Thisiaet  WMTii^dlybraiii^ttotbeatteirtioiioftha 
senior  author  in  the  eastern  Alps  "wbm,  in  company  with  Ptafeasor  Hans  Crammer,  he 
looked  out  over  the  site  of  the  great  piedmont  bulb  of  the  ancient  Salzbnig  GUacMr;  and 
later  when  crossing  the  moraines  of  similar  bul})s  near  Munich.  In  the  one  case  we  have 
the  process  in  operation  before  our  eyes;  in  tlie  otlier  the  finished  product;  but  as  Penck 
and  Brtickner,  Crammer,  and  others  have  observed,  the  nature  of  the  phenomenon  is 
so  clear  in  the  finished  product  that  one  cannot  misinterpret  it.  In  the  details,  however, 
U^t  miift  be  thrmm  on  the  inteipietation  of  tiiese  leooidi  of  ancient  r*H""f*»  haSm 
from  the  facts  of  observations  obtained  from  «  stoily  of  the  living  inst^^ 

Glacial  Erosion.  From  Russell's  ^  and  Gilbwt'a  *  ttudMfl,  and  later  from  our  own* 
the  Alaskan  field  has  yielded  facts  of  importance  on  the  subject  of  glacial  erosion,  appli- 
cable to  other  regions  of  glaciation.  Vast  erosion  has  been  performed,  and  many  forms 
resulting  from  glacial  sculpturing  have  been  observed.  This  important  subject  is  not 
specifically  treated  in  this  book,  however,  except  incidentally  in  the  description  of  cer- 
tain Takotal  Bay  glademand  at  aone  length  for  glacial  emioa  belmraeft  level  ae 
veeled  by  nevr  aoimdings  in  Yakutat  Bay  in  1010,  diacuased  in  an  eaittar  part  of  dni 
duqpler,  and  in  Part  III,  dealing  with  Prince  William  Sound  and  Cc^per  River. 

The  features  of  glacial  erosion  are  so  clearly  and  intensively  developed  in  Yakutat 
Bay  and  other  Alaskan  fiords  that  applications,  comparisons,  contrasts,  and  interpreta- 
tions in  other  regions  are  made  easier  by  reason  of  the  perfection  and  recency  of  develop^ 
ment  of  the  forms  of  glacial  erosion  in  the  Alaskan  region. 

Iw(ffeetwtn$MqfWeakQUuitn,  Bi  the  Yekntit  Bay  region  we  hnviB  had  three  stages 
of  ^acieia  (1)  the  piesent,  dwindling  ^aden^  (£)  Ibnnw,  greatly  eipended  ioe  streern^ 
(8)  an  inteimediate  stage  of  rather  weak  expansion.  The  three  stages  clearly  show  <fiffei^ 
ences  in  extent  of  glacial  erosion.  Profound  work  was  performed  by  the  greatly  eipmded 
glaciers,  deepening  valleys  one  or  two  thousand  feet  by  rock  excavation ;  the  loss  poweiW» 
briefer  period  of  advance  failed  to  remove  even  the  unconsolidated  gravels  ihiit  the 
glaciers  overrode.  This  aids  in  understanding  the  ineffectiveness  of  small  dT\'indling 
glaciers  of  the  present  day.  As  Andrews  has  cle(u-Iy  shown  we  must  distinguish  betweoi 
the  ioe  flood  and  the  present  day  gladers,  as  we  must  between  the  stream  flood  and  the 
low  water  stage  of  erosion.  The  phenomena  of  gladal  eroekm  in  Yakutat  Bay  throw 
lil^t  on  these  differences.  In  the  minor  erosion  of  the  gravels,  by  oveiriding;  wo  have 

tBoMfll  L  C  Nat  G«of.  Ukf.,  Vol.  HI.  1801.  pp.  lOQ,  lilt  Asmt.  tan.  SoU  M  Sariaib  Yd.  411 

18»t,  p.  ITS:  ISth  Ann.  Kept..  U.  S.  GpoI.  Sun cy,  Pnrt  11,  18W,  pp.  85,  90. 
■  Gilbert,  G.  K.,  Uwriman  Alaska  Expedition.  Vol.  III.  IWM,  pp.  87, 118.  170. 

•Tkir.  B.  a  mmI  Ifartiiw  iMwtmee,  BoD.  Aaer.  Gtog.  Soe..  V«L  XXlCVia       pp.  US>lM;DMnB.8, 

Popular  Science  MontUy,  Vol.  70,  1907,  pp.  99-119;  Scottidi  GeQf.  llsgi,  T«L  M.  IMMl  pp.  St^-^Sfi 
ftvMflnal  fkpw  04»  U.  &  G«oL  Sorvqr.  1909,  pp.  107-118. 
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evidence  of  the  nature  of  tbe  phenomena  tliat  result  from  such  overriding,  applicable 

to  other  regions. 

V0gdatiimiiiGlaeSalDepontt,  Ibe  obMrriBd  growth  of  vegetation  at  llie  maigm 
l^acien,  and  even  on  them,  and  its  inootporatkm  in  marginal  deponts  during  an  advance, 

point  a  clear  warning  against  too  free  use  of  this  class  ol  evidence  in  the  interpretation 
of  the  complexity  of  ancient  glaciation.  The  phenomena  of  Yakutat  Bay  glaciation 
prove  conclusively  that  soil  beds,  peat  beds,  and  forest  trees  do  not  of  themselves  contrib- 
ute evidence  of  interglacial  conditions.  They  may  represent  no  more  tlian  a  half  cen- 
tuiy  or  century  of  stagnation  followed  by  moderate  advance.  This  does  not  disprove 
inteii^aciBl  cooditioas,  nor  aigoe  agM^ 

cmfit  someol^eirideiioeiipfmiilikhaoineQltl^  More 

than  incorporated  vegetation  is  neoeasaiy  for  proof  of  such  complexity. 

Origin  of  Eskers.  Few  eskers  were  observed  in  the  Yakutat  Bay  region,  and  these 
were  short  ones  on  overridden  gravels  in  Russell  Fiord.  The  absence  of  eskers  is  believed 
to  be  due  in  the  main  to  their  burial  beneath  the  fringing  alluvia!  fans  whose  apexes  are 
at  the  ice  tunnel  from  which  the  eaker^building  stream  emerges,  and  which  follow  up  the 
ioe  aa  H  reoedei.  EdEe^lmflding  conditibns  apparently  exist  fai  the  piednoikt  bnl^ 
the  streams  maintain  their  ooufsee  for  a  long  time. 

Our  observations  prove  three  important  points  with  respect  to  eskers  (Fl.  LXXXIX, 
A).  (1)  As  already  stated,  that  subsequent  alluvial  fan  deposit  may  bury  previously 
made  eskers.  (2)  That,  even  under  sucli  favorable  conditions  as  exist  in  the  broad, 
stagnant,  moraine-covered  glaciers  of  tliis  region,  eskers  are  not  formed  on  the  glacier 
surface,  for  there  are  no  long  streams.  (3)  That  moving  glaciers  are  unfavorable  to 
csher  foimation.  The  advance  of  Marvine  and  Variegated  GlaoierB  ooai|rietely  de- 
stroyed preeristing  anbi^adal  drauiage;  and  the  point  of  emeigenoe  of  glacial  streame 
horn  such  a  normally-moving  glacier  as  the  Nunatak  is  frequently  dianged.  From  the 
evidence  of  the  Yakutat  Bay  region  we  believe  that  the  eskers  are  mtbglacial  depoetta 
mainly,  if  not  entirely,  associated  with  stagnant  ice  conditions. 

OtUwash  Gravels.  The  extensive  sheets  of  gravel  and  the  rapidity  of  their  deposit  in 
such  valleys  as  that  of  Hidden  Glacier,  the  absence  of  growth  of  vegetation  on  the  out- 
wash  gravri  iJains,  and  the  perfect  rounding  of  the  pdbbles,  are  lAenomena  which  throw 
Ight  on  the  estent  and  depth  of  simifair  depoilti  in  ngioas  of  former  glaciation.  F^om 
a  study  of  such  an  outwash  gravel  plain  as  that  -vdiich  existed  in  the  Hidden  Glacier  valkgr 
in  1899,  1905,  and  1906,  or  that  of  tlie  Kwik  River  valley,  we  can  observe  the  processeo 
of  accumulation  which  undoubtedly  existed  in  thousands  of  streams  inning  from  the 
ancient  continental  glaciers. 

Fstfod  PZouis.   Wheare  these  gravds  rest  on  bmied  ice,  as  in  the  Hidden  and  Fourth 
Gfacier  valleye,  the  phenomenon  of  ^ttle  f<»mation  and  the  production  of  pitted  jdaina 
is  obaerved  in  progreee  of  development,  and  an  eaiplanatiott  of  tiionaands 
isfotrnd. 

Karnes.  Where  gravels  resting  on  ice  settle  very  irregularly,  we  see  in  proijress  one 
of  the  important  causes  for  the  formation  of  kames;  and  this  piocess  is  again  and  again 
illustrated  in  the  Yakutat  Bay  region. 

Buried  Ice  Blodce,  Perhaps  the  most  important  contribution  to  an  interpretation  of 
l^adal  phenomena  in  regiona  of  fonner  f^adation  yielded  by  the  Yalnitat  Bay  region  i» 
Hie  deer  evidence  of  the  great  importance  of  atagnant  buiied  ice  in  shaping  the  topog- 
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rapliy  of  glacial  deposits.  Not  merely  are  kettle  and  kame  areas  caused,  but  extensiv© 
depressions  also  result.  The  melting  of  Galiano  Glacier,  if  further  deposit  should  ceaae. 
wooIdghreriaetoad^masuMcrftwoortlimtquaiem  SuehbozfedUodciiiuigrlut 
long^  and  noAn  a  heavy  brnden  of  depoat,  and  thdur  uHiinate  meUing  wcM  gtn  lin 
to  an  irregular  topography,  vaiying  aocordiiig  to  otMnditioiit,  and  depresdons  lor  lakei 
or  ponds,  with  irregular  bottoms  and  margins.  In  regions  of  former  glaciation  a  multi- 
tude of  kettles  and  pond  and  lake  depressions  exist  whose  interpretation  is  made  clear 
by  tlie  assumption  of  the  former  presence  of  buried  ice  blocks.  In  our  own  work  in  such 
formerly-glaciated  regions  we  have  hitherto  often  hesitated  to  assume  lliis  hypothetical 
came  in  the  absenoe  of  dhwct  proof;  but  with  the  evidenoe  of  the  frequency  and  effeethre> 
iMtB  of  liw  boned  ice  blodn  in  the  AhudEan  le^on  them  is 

We  are  onmnoed  that  on  the  margin  of  waning  ice  aheets  in  a  legion  of  irregular  topog- 
raphy, such  as  prevailed  over  extensive  areas  in  Europe  and  America  in  the  closing  stages 
of  the  Glacial  Period,  the  conditions  favoring  the  burial  of  detached  or  partially  detached 
ice  blocks,  and  of  stagnant  glacier  tcrinini,  were  common,  and  that  the  results  of  their 
subsequent  melting  are  of  great  importance  in  determination  of  topographic  detail. 

SmoiABT  or  TBM  Glacial  HmoBr  or  tbm  Yixotat  Bat  Bmum 

The  nxmntain  history  of  the  Alaskan  coast  region  has  been  kmg  and  oosni^eK,  with 

aeveral  periods  of  mountain  growth  and  Intervals  of  erosion,  and  with  periods  of  volcanic 
activity.  The  details  of  this  history  are  not  yet  worked  out,  and  we  have  no  knowledge 
as  to  the  climatic  conditions.  During  the  Tertiarj',  and  perhaps  in  the  Pliocene  di\'ision 
of  the  Tertiary,  coal  beds  were  accunmlated,  and  a-ssociated  with  tliem  are  found  plants 
of  a  wanner  or  wetter  climate.  From  the  topography  of  the  foothills  near  the  coast 
wo  infer  that  there  was  a  long  period  of  subaerial  eroaon,  during  idiich  the  mountains 
were  greatly  reduced  and  a  qrstem  ui  bread  vaDeys  developed.  This  period  of  eraiioiw 
at  least  in  its  later  portion,  was  presumably  free  from  extensive  glaciation.  Tlie  nooB- 
tains  are  still  rising,  as  the  frequent  earthquakes  testify,  and  in  1899  there  was  further 
notable  uplift,  in  one  section  of  the  c():i,st  amounting  to  forty-.seven  feet.  It  is  probable 
that  the  mountains  owe  tlieir  present  great  height  mainly  to  geologically-recent  uplift 
and  that  the  extensive  glaciation  of  the  region  is  due  to  the  rising  of  the  mountains  in 
reont  times.  ^Whether  the  extensicm  of  i^adation  acoompsniad  the  uplift  as  Itusiifil 
Inferred,  or  ^riiether  it  was  preceded  by  a  period  of  stream  eresioii  in  lofty  moantsins 
not  yet  glaciated  is  not  clear;  but  we  are  inclined  to  the  latter  view  because  of  tho  exten- 
sive series  of  branching  valleys,  presumably  formed  originally  by  rivers  and  now  occupied 
by  glaciers.  All  this  eariy  history  is  obscure  and  at  present  can  be  the  subject  only  of 
hj'jH)  thesis. 

Without  being  able  to  asagn  a  period  to  the  .beginning  of  glaciation,  we  know  that  the 
mountahis  ultimately  became  dothed  in  snowfidds  and  the  Tallqrs  fiHed  with  ghciw^ 
and  that  the  condition  has  lasted  a  very  long  time.  Whether  the  glacien  came  8oMy 
as  a  result  of  the  rising  of  the  mountains,  or  whether  tliey  were  dependent  upon  a  cli- 

maticchange,  giving  hea\'j'  snowfall  to  a  regioti  already  lofty,  cannot  be  positively  stated. 
\or  do  we  know  the  history  of  the  initial  spread  of  the  glaciers,  of  what  epi.sodes  of  advance 
and  rc<:ession,  if  any,  accompanied  it.  Ultimately,  however,  the  expansion  of  the  gla- 
ciers extended  so  far  as  to  push  the  glacier  termini  beyond  the  mountain  front,  filling  the 
entire  inlet  with  a  great  glader  flood,  and  pudung  the  {^scier  f  rents  out  to  the  month  off 
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TaknUt  BiQr.  Hud  lliia  gvett  apuuioii  of  tkt  gltcien  wm  dm  to  aone  dimiilie 
dbange  rather  tliaii  solely  to  .moimtaui  uplift  it  indicatecl  hj  tiw  three  foUowing 
(acts  (1)  the  earlier  genial  climate^  (^)  tihe  recent  awl  present  day  recession  (both  1  and  S 
indicating  that  the  climate  of  thi.s  region  has  changed),  and  (3)  the  widespread  extension 
of  glaciers  on  the  northwestern  coast  from  Washington  to  tlie  Aleutian  Islands.  While 
we  cannot  assert  contemporaneity  for  the  advance  of  glaciation  throughout  this  region, 
the  evkleoctt  pointa  stiOQgly  towaid  the  OQi^ 

waa  cantemporaneoua  throughout  the  legMn.  It  seems  hanfij  iwobabfe  that  mountain 

l^plift  throughout  a  distance  of  some  2000  miles  would  ftlooe  suffice  to  pxe  rise  to  sudi 
CKtensive  glaciation,  and  sinoe  there  has  sabsoqusptly  come  an  antolioration  of  the  di* 
mate,  while  at  a  still  earher  age  there  was  an  even  milder  climate  than  now,  it  is  a  rea- 
sonable inference  to  draw  that  the  great  ei^ansion  of  glaciers  was  in  response  to  actual 
climatic  change. 

It  caaaot  be  proved  liirt  ^CBtaBibu  Ahi^^ 
tliat  of  tiieGledal  Peiiod  in  Eurape  and  northeastern  Ameika,thou|^  it  pi^^  wm 
is  its  inception.  If  this  is  so,  then  eliBUitie  change  is  without  doubt  the  cause,  for  ivhnt- 
ever  the  reason  for  the  change,  the  spread  of  continental  glaciers  do^^  into  the  tempermte 
latitude-  was  a  response  to  climatic  change.  Although  we  believe  that  the  inception  of 
the  Ahuskan  ^'lacier  advance  was  contemporaneous  v,Hi\  tlie  spread  of  the  continental 
glaciers  in  Europe  and  America,  we  are  convinced  that  its  termination  was  later  than  the 
period  of  lecMrioa  of  the  continental  gftcieii.  b  •  seiiM  the  Gbwlel  Feriod  ii  rtiD  iu 
pBogwaa  hm,  its  inflnenoe  being  extended  and  pvolongBd  by  the  lofly  monnteins,  idiidh 
have,  in  fact,  partly  or  mainly  reared  tbumiielvee  during  the  period  of  gladation.  Judg- 
ing by  the  forest  growth  and  by  the  extent  of  stream  erosion  since  the  recession  of  the 
ice  from  its  most  advanced  position,  we  infer  that  the  ice  in  ite  expanded  stage  hngered 
here  until  a  few  centuries  ajjo. 

One  of  our  principal  reasons  for  believing  that  the  spread  of  glaciation  in  the  Alaskan 
region  dates  back  to  the  Qadal  Period  is  that  it  has  pesfonned  such  vast  mxA.  Not 
only  waa  a  broad  plain  of  glacial  dqxMit  built  out  into  the  Pacific  beyond  the  mountaiu 
front,  and  aa  CKteosive  submarine  moraine  built  across  the  mouth  of  Yakutat  Bay, 
but  the  topography  was  greatly  altered  by  profound  glacial  erosion.  This  work  must 
have  required  a  long  time.  We  cannot  apply  to  this  argument  definite  measurements 
from  rate  of  ice  erosion,  but  even  the  most  extreme  believer  in  the  efficacy  of  ice  ero- 
sion must  agree  that  to  lower  a  valley  bottom  from  one  to  two  tliousand  feet  demands 
a  great  lapse  of  time.  Hie  main  vaBcya  have  been  greatly  deepened;  the  lateral  vaOeye 
have  been  deq;wned  also*  tbou^  to  lees  extent;  divides  have  been  lowered  and  throu^ 
valleys  have  been  opened;  the  mountains  have  been  sharpmed;  and,  in  fact,  the  topog- 
raphy has  been  completely  altered  in  many  of  its  most  significant  features  by  the 
glacial  erosion  resulting  from  the  long  flow  of  great  ice  streams.  Tliousands  of  years 
must  be  required  for  such  vast  work,  and  probably  tens  of  thousands  of  years.  It  is 
by  no  means  improbable  that  the  beginning  of  extensive  glaciation  here  dates  buck  to 
tte  cnmmmrfment  of  the  Gladal  Period,  and  that  there  was  a  long  period  of  eompkoc 
wmdittons  of  advanee  and  recession  with  glacial  and  inteigladal epochs.  Ofthis,how- 
ever,  there  is  no  proof.  The  period  of  glaciation  was  certainly  many  times  longer  than 
fte  period  that  has  elapsed  since  the  recession  from  the  outennost  stand. 

mben  the  glaciers  were  most  advanoed  they  literally  flooded  the  mountain  vaUeys* 
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and  ice  streama  floured  aeroaB  dividei  iKm  duduigmg  ^bckn  in  two  directkmi.  When 
fiord  water  now  standi  gveat  glacien  1000  or  8000  feet  deep  flowed  thmi^  the  fioffd 

valleys  (PI.  XCII,  A) ;  and  where  even  the  great  gladers,  like  the  Hubbard,  now  tenn- 
nate,  the  ice  rose  1000  to  2000  feet  higher  than  at  present.  Even  surh  grcni  ice  streams 
as  the  Hubbard,  Turner  and  Nunatak  Glaciers  are  mere  dwindling  glaciers  compared  to 
their  predecessors  on  the  same  sites.  It  was  a  region  of  mighty  glaciers,  flowing  irresist- 
ibly along  mountain  Mfdley  courses,  eating  away  the  valley  walls  and  scouring  the  valley 
bottoDia;  and  Uui  oondftkn  exlended  along  the  Ahuiaii  coast  from  Britidi  Gohniibia 
to  the  Alaska  Pemnsola. 

After  Its  long,  but  unknown  period  of  advance,  the  Racier  system  began  a  period  cf 
recession  whose  detailed  history  is  also  unknown.  There  may  have  been  minor  advances 
and  recessions,  or  it  may  have  been  one  continuous  period  of  recession.  By  it  the  glacier 
fronts  were  caused  to  recede  even  farther  than  at  present,  and  Uie  forest  extended  farther 
up  the  fbrd  than  now,  and  even  into  the  r^ion  where  glaciers  now  stand.  From  this 
we  infer  that  both  the  length  of  time  of  reoesnon  and  the  extent  of  xeoeaakm  were  greater 
than  the  present  period  of  lecessioiL  But  by  this  it  is  not  meant  to  intimate  that  the 
period  of  recession  was  a  really  long  one,  for  little  gorge  erosion  has  been  accomplished 
by  the  streams  i.ssuing  from  hanging  valleys  that  were  produced  by  the  ice  erosion  of  the 
preceding  great  advance.  A  couj)le  of  centuries,  or  perhaps  twice  that  amount,  would 
suffice  to  explain  the  phenomena  observed,  and  much  more  than  that  would  be  too  great 
a  time  for  the  small  work  of  stream  erosion  accomplished.  Whether  a  similar  period  of 
leeessioii  was  in  progress  in  other  portions  of  Aiasin,  or  whether  it  was  oonflned  to  On 
Takntat  Bay  region  and  vidmty  cannot  now  be  stated. 

During  this  period  of  reoeSBion,  and  perhaps  mainly  daring  the  advance  of  the  gladeis 
which  terminated  it,  there  was  extensive  deposition  of  gravels  in  Yakiitat  Bay,  and  espe> 
aally  in  Russell  Fiord.  Then  came  a  notable  advance,  pushing  the  glacier  fronts  once 
more  far  into  Russell  Fiord  (PI.  XCU,  B)  and  Disenchantment  Bay,  but  not  neariy 
oat  to  the  point  reached  by  the  earlier  great  advance.  It  was  of  brief  duration,  and  the 
woric  perf (Mrmed  was  not  notable.  Hie  valley  waBs  were  freshly  sooored,  and  probal>|y 
there  was  effective  glacial  erosion  in  parts  of  the  fiord  bottoms;  but  the  ice  erosiaii  ^Bd 
not  suffice  to  remove  the  gravels  deposited  between  the  two  adTanoe%  though  it  great^ 
sculptured  them.  This  advance  was  a  local  phenomenon,  not  occurring  in  Prince 
William  Sound  to  the  northwest,  nor  in  tlie  Inside  Passage,  though  a  similar,  and  probably 
contemporaneous  advance  is  recorded  in  the  Muir  Glacier  region  and  north  of  the  St. 
Elias  Range.  The  advance  in  the  Yakutat  Bay  region  readied  its  maximum  in  a  very 
recent  period,  for  the  vegetatioQ  growing  on  a  lake  beadi  fMmed  by  the  advanced  ^ader 
at  the  head  of  Russell  Fiord  is  not  over  a  half  century  old. 

FoOowing  this  notable,  though  brief  advance  came  the  recession  which  was  still  in 
progress  at  the  time  of  our  studies  in  1905  and  1D06.  The  recession  was  so  rapid  that 
vegetation  had  not  l)een  able  to  follow  it  closely,  the  overridden  gravels  near  the  glaciers 
having  only  scattered  plants,  while  even  the  outermost  portions  of  the  overridden  gravels 
bore  only  a  young  growth  of  cottonwood  and  alders.  It  is  certain  that  the  glaciers  began 
recession  from  their  outermost  stand  not  over  a  oentniy  ago  and  periiaps  not  much. 
matt  than  half  a  centozy  ago.  The  greatest  recession  has  occurred  in  the  tidal  ^bMiers, 
notably  the  Nunatak,  and  in  the  Hidden  Glacier.  The  least  reces.sion  has  occurred  in 
the  piedmont  glaciers  and  piedmont  bulbs.  In  fact,  it  is  possible  that  the  piedmont  con- 
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dHim  u  a  Araet  vesiilt  of  tiie  leoeiit  advanoe^  Hngeriog  liaie  becaiiae  of  tiha  protectiooL 

^en  by  the  sheets  of  ablation  moraine  by  which  the  piedmont  butbt  are  covered. 

The  last  episode  in  the  glacial  history  of  the  region  is  the  advance  of  the  glaciers  in 
response  to  the  earthquake  shaking  in  1899.  first  obs<»rved  in  1905,  though  affecting  at 
least  two  of  the  glaciers  l)efore  that  time,  causing  the  advance  of  four  glaciers  in  190G,  one 
between  1900  and  1909,  one  in  1909  and  one  in  1910,  and  poasibly  slight  advances  of 
1    t»oo<]ieninpi«rvknuyeaii.  Whetteliw  advance  lu«wa<Jieditomagto 
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THE  GLACIERS  AND  GLACIATION  OF  PRINCE  WILLIAM 
SOUND  AND  TU£  LOWEB  COPPER  RIVER 

Location  aud  G&nsbal  Ymw 

Tlw  t^pKm  of  Frinoe  William  Sound  and  the  lower  Copper  Bhm  is  a  Kttb  man  tiun 

tOOmilea  west  of  Yakutat  Bay  and  chiefly  on  the  southern  slope  of  the  Chugach  Moun- 
tains, an  extension  of  the  St.  Elias  Range.  Tliis  part  of  the  Chugach  Mountains  is 
from  50  to  75  miles  wide  and  between  six  and  eight  thousand  feet  high,  v>ith  a  few  lof- 
tier peaks,  the  highest  of  which,  Florence  Peak  and  Mt.  Gilbert,  reach  elevations  of 
11,190  and  10,104  feet  respectively.  There  is  the  same  west  northwest — east  southeast 
tiead  as  aeer  Yskntat  Bay  ewl  Mt.  SL  Elias*  but.  at  the  ooitfawestemoo^ 
William  Sound*  the  Chugach  Mountains  swing  westward  and  oome  to  an  end.  TImiios 
the  Keoai  Mountains  trend  southward,  forming  the  western  aide  of  Piinoe  WiDisai 
Sound. 

The  Chugach  Mountiiins  are  crossed  by  the  canyon  of  Copper  River,  the  greatest 
glacial  stream  in  Alaska  and  one  of  the  few  rivers  that  completely  cross  the  coast  range. 
At  its  mouth  it  has  built  a  great  delta  over  25  miles  wide,  a  broad  tract  of  low-lying 

ooast»  but  west  of  the  Copper  River  ddta  the  nionntains  come  down  direct^  to  tiie  M 
and  just  here  Prince  ITOliam  Sound  penetrates  the  coast 

Prince  William  Sound  (PI.  XCIU)  extends  iJjout  80  miles  east  and  west  and  about  M 
miles  north  and  south,  and  has  numerous  long  bays  and  fiords  extending  even  more 
deeply  into  the  mountains.  It  is  80  or  00  miles  from  the  head  of  ocean  steamship  navi- 
gation at  the  end  of  the  Port  Valdez  fiord  out  to  the  coast  wlicre  Hinchinbrook  and 
Montague  Islands  guard  the  mouth  of  Prince  William  Sound  from  the  open  Pacihc.  It 
has  AYeiyliiegular  coast  with  long  peninsulas  reaching  forward,  between  wbidiba^ 
and  fiords  ext»d  back  into  the  mountains.  On  the  eastern  side  are  Ores  Inlet,  Ores 
Bay,  Port  Gravina,  Port  Fidalgo,  and  Valdez  Arm — ^Port  Valdez.  These  are  fiords 
from  12  to  30  miles  long  with  mountainous  peninsulas  between.  Hawkins  and  Hinchin- 
brook Islands  correspond  to  these  peninsulas  but  have  been  cut  off  by  submeigeiioe 
or  ice  erosion.    Besides  these  tliere  arc  numerous  small  islands. 

On  the  northern  side  of  Prince  William  Sound  are  Columbia  Bay,  Long  Bay,  Wells 
Bay,  Unakwik  Inlet,  Passage  Canal,  Port  WeOs  and  several  smaller  fiords.  Colk«e 
Fiord  and  Haniman  Fiord  are  tributaries  of  Port  Wdb.  All  these  fiords  are  sqtaraAed 
by  long  peninsulas  and  by  islands,  of  which  Glacier  and  Esther  Islands  are  the  largest. 

On  the  western  side  of  Prince  William  Sound  south  of  Passage  Canal  are  Port  Nellie 
Juan  and  Icy  Bay,  separated  by  peninsulas  and  guarded  by  Kni^t,  Latoucfae,  Naked* 
and  several  other  large  islands  and  many  smaller  ones. 

The  lower  Copper  River  is  entirely  in  the  mountains  except  for  the  broad  delta  at 
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iN  Urath.  The  topography  of  Prince  WiOilai  Sound  u  wholly  monmUinous.  Tli* 
giMtest  devations  are  in  the  inlorior  «tf  the  Chugach  and  Kenai  Ranges  and  the  pooin- 
'  solas  which  project  into  the  sound  slope  gradually  to  moderate  heights  and  then  end 
abruptly.  There  is  an  exceedingly  small  percentage  of  lowland.  All  of  the  islands  are 
billy,  and  tlie  larger  ones,  likt^  Knight  and  Latouche  Islands,  are  mountainous. 

topography,  geology,  geography,  and  gladatkM  of  Frinoe  WilKam  Sound  end 
the  Umer  Copper  River  have  been  deacribed  by  Schiedcf,*  Mendwihell.*  Schrader  end 
Sptnottf*  Gilbert,^  Emenoo  and  Palache,'  Gannett,*  Bunoqghs,'  Muir,'  Keeler,* 
I    Femow,<°  Davidson,"  Grant  end  Higguu^**  end  othm  whoM  woric  ie  nfaned  to  in  - 
j    Chapters  XIII  to  XXIIT. 

The  geology  of  the  Prince  William  Sound  and  lower  Copper  River  regions  may  be 
summarized  as  follows.    In  Prince  William  Sound  Grant  ^'  states  that  there  are  two 
groups  of  focki.  The  YeMes  group  is  older,  perhaps  Pihoeoie,  end  oooaits  of  sletae 
•ndgngrwnclBM.  These  eieinlwiw^y  folded  in  pieces  end  etesoinefdietni^^ 
Iky  oontein  granitic  inbnsioaB.  The  nnoonfbimeble  Okce  gioup,  probably  Mesosoic* 
I     is  made  up  of  slates,  graywackes,  and  rarer  conglomerates  and  limestones.  LocaUy 
i     there  is  much  greenstone,  made  by  the  alteration  of  basic  lava  flows  which  were  inter- 
'     stratified  with  the  slates  and  graywackes.    These  are  cut  by  bosses  and  dikes  of  granite 
and  by  basic  dikes.   Northern  and  western  Prince  William  Sound,  including  all  of  the 
fioids  eiocpt  Forts  Kdalgo  end  Gmvine  end  Oiee  Ldet*  en  nnderiein  by  the  rods 
sf  the  Veldes  fnmp  wlule  the  islende  end  eestem  shove  of  the  sound,  fkom  EOemer 
southwanL  we  made  up  of  the  Orca  group.    It  seems  possible  that  the  excavation  of 
this  great  arm  of  the  ase  is  ideled  to  its  being  floored  by  tlie  idetivdy  less  icsistent 
rocks  of  the  Orca  group. 

In  the  lower  Copper  River,  Hayes,'*  Schrader  and  Spencer,'^  Moffit  and  Maddren'* 
have  described  the  geologj'.    There  arc  three  rock  groups,  (1)  the  Mesozoic  Orca  group 

>  Sdirader.  F.  C,  A  RecomuuMMice  of  •  Fart  of  Frinoe  WiUuua  Sound  wai  Ike  Coi>per  River  I>i«tricU 
Ali^faiaBe,MaAim.llflpt.U.8.6eat.flarviy,PtetVII,inOLFi».  Stf!-m. 

*  Meodenhall.  W.  C.  A  Reounnai^iance  from  Resurrection  Bajr  to  tlw  1\UMa  Bb«r,  AfaAi.  in  UM^  fMh 

j      Am.  Rept,,  U.  S.  Gvol.  Survey.  Part  VII.  1900,  pp  271  :?iO. 

!        •Scfanuier,  F.  C.  and  Spencer,  A.  C  The  Gcoiag>-  aod  Mineral  Ueaouroea  of  a  Portion  of  the  Copper 
lifcr  Dfalriel,  AImIb^  floMe  Doe.  MH  Mth  Coagnm,  tod  Swiw.  WMU^toa.  19M,  pp.  e-ML 

•Gilbert,  C.  K..  narriman  Alajika  Expo<liti(.ii.  V,,I  Iff.  Cliuiors,  l!)Ot.  pp  71  97.  173-176. 
•Emenon,  B.  K.  and  FsiMhe,  Charles,  Uarriman  Aluka  Expedition,  Vol.  11,  Geology.  1904.  pp. 
IMl. 

*  Gannett.  Henry,  Harriman  Alaska  Kxpo<iition.  Vul.  II.  1900,  pp.  26«HM8;  Nat  Qtog.  Ifsf,.  V«L  Z.  IMt|i 

I      pf.510-51t>,  null.  Am.T  r,.N,K  S<.c  ,  Vol  XXXI,  1899.  pp.  340  .'US.  .l.'Si^SSS. 
]         'Burruugh»,  Juba,  ilaniman  ^Vlaska  Expedition.  Vol.  1, 1901,  pp.  63-76. 
•Mtfr.  Mm,  IMC  ToL  I,  ItOl.  pp.  ItS-m.  lflS-188. 

*  Kider.  Charips.  Ibid.,  Vol.  II,  1901,  pp.  219-221. 
oIndow,  B.  £..  Ibid.,  Vol.  II.  1901,  pp.  244. 248. 

"OkHJwmi,  Georgia  TlaGladwirfiUaAatkrit  aw  8to  b  Cider  N»f> 

■lives.  Trans,  and  Proc.  Geog.  Soc..  Pacific.  2nd  soies.  Vol.  3.  1904. 

"Grant.  I'.  S.  nnrl  Higpinn,  1>.  K..  Reconnp.issnm  c  cf  flu-  (Ic  .|<>py  nnd  MiiK-ral  Rc-ioun-es  of  Prince 
William  Sound.  Alaska.  Bull.  443.  U.  S.  Geol.  Survey,  1910;  Tidewater  Glaciers  of  Prince  William  Sound 
ad  Km  FniMDb.  BrfL  U.  8.  Geot  Siirvegr  Od  pmh). 

j         "Op.  cit.  p.  11. 

I        >•  UMfna,  C.  W..  Nat  Geog.  Mac,  Vol.  IV.  1898.  pp.  128, 141-142. 154. 

» lloflU  F.  H.  aad  MMUmi,  A.  G„  BoD.  974  U.  &  GmI.  tenj,  IMH  n.  L 
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■OQth  of  Giildfl  Glacier,^  (f  )  the  Pafeoiofe  Valda  gnap  thronglioat  tibe  Co|i|Mr  Bim 
canyon  to  a  point  between  Hekel  Biver  and  Spirit  Mountain,  and  (3)  a  belt  of  mete* 
niorphic  slate,  schist,  and  limestone,  with  intrusive  diorite  and  greenstone,  the  limestone 
being  in  part  of  Carboniferous  age.'  The  highest  peaks  and  the  deepest,  narrowest 
portion  of  Copper  River  canyon  are  at  the  north  in  this  third  belt  of  most  resistant 
rocks,  and  the  broadest  portion  is  at  the  south  in  the  bdt  of  weakest  and  youngest  rodca. 

Outside  ol  Frinoe  WiOiam  Sooiid  tlie  Giilf  of  Aladca  ii  idat^^ 
iaOuaa  curve  being  forty  to  seventy  milei  oMoie.  Off  the  Copper  Biver  delta  it  ia 
easy  to  undnttand  why  one  must  go  about  20  miles  from  shore  before  a  depth  of  SfiO 
to  400  feet  is  reached;  but  off  Ilinchinbrook  Island,  where  there  is  no  such  active  depo- 
sition, it  is  also  necessary  to  go  5  to  10  miles  before  a  depth  of  300  to  350  feet  is  reached. 
Between  the  mouth  of  Prince  William  Sound  and  Middleton  Island,  which  is  66  miles 
oflahofle*  the  depth  of  the  Pacific  Ocean  averages  only  200  to  450  feet. 

In  tlie  atraits  at  the  entranoe  toMnee  WQIiam  Soimd,  thai  ia  between 
and  Montague  Idanda,  the  water  ia  600  to  1800  feet  deep  and  inside  Brinee  WilHam 
Sound  the  mAer  averages  600  to  2400  feet  in  the  main  aound  and  400  to  1400  feet  in 
the  tributary  fiords,  a  striking  contrast  with  the  shallower  ocean  outside  and  one  that 
^^all  be  explained  later  by  the  conditions  of  glaciation.  One  fiord,  Orca  Inlet,  which 
opens  to  the  Pacific,  is  only  6  to  60  feet  deep  and  is  quite  unnavigable  at  the  mouth, 
making  it  necessary  for  ocean  steamshipa  bound  for  Uie  town  of  Cordova  to  go  ovor 
fifty  miles  out  of  the  way  to  reach  the  head  of  Orca  Inlet  by  way  of  the  main  Prince 
William  Sound  and  Orca  Bay. 

lliere  are  a  few  small  native  settleobents  on  Prince  William  Sound  and  mining  settle- 
ments on  Latouche  and  Knight  Islands  and  an  old  Russian  trading  post,  Nuchek,  on 
Hinchinbrook  Island.  At  the  head  of  Port  Valdez,  near  Shoup  and  Valdez  Glaciers, 
are  an  army  post,  Fort  liscum,  and  the  town  of  Valdez,  from  which  a  military  road  ex- 
tenda  into  the  interior  of  Alaaka.  Between  the  mouths  of  Valdes  Arm  and  Port  Fidalgo 
are  Kllamar  and  aeveral  other  mining  eettlementa.  There  ia  n  aahnon  canneiy  at  Oeea 
and  neaiby  on  Orca  Inlet  is  the  town  of  Cordova.  The  GomMr  Biver  and  Northwestern 
Bailway  extends  eastward  from  Gcndova,  crosses  a  mountainous  peninsula  through  the 
valley  of  Eyak  Lake,  and  emerges  on  the  Copper  River  delta,  which  coalesces  with  the 
deltas  of  the  streams  from  Scott,  Sheridan,  and  smaller  glaciers  in  the  mountains.  The 
railway  crosses  Copper  River  just  east  of  the  old  native  settlement  of  Alaganik  and  goes 
up  tlie  eaatein  nde  of  Copper  Bher  to  GUUa  Glacier,  whidi  enters  from  the  weat  ne 
opporite  Bffilea  GUuckr,  wfaidi  oomes  txtm  the  east.  The  rulway  croasae  tiie  river  be- 
tween these  two  i^aciers  and  thence,  after  passing  the  Abercrombie  Rapids,  extends 
over  the  stagnant  terminus  of  Allen  Glacier,  which  enters  Copper  River  valky  ham 
the  west.  Beyond  this  the  railway  follows  the  western  side  of  the  Copper  Biver  ca&yoB* 
at  the  northern  end  of  which  is  the  town  of  Chitina. 

CUmaie  and  Glaciation.  Such  precipitation  records  as  we  have  in  the  Prince  W^illiam 
Sound  le^on  show  an  annual  rainfall  of  100  inches  at  Nudieic  at  tlie  western  end  of 
Hinrliinbrook  Island;  at  Orca  of  149  indies;  and  at  Fort  liscum  an  average  of  79 
indiea.  The  precipitation  is  heaviest  in  fall  and  winter  and,  therefore,  much  of  it  is 
anew.  In  this  Urtitude>  60*^  gP*  to  61*  N.»  the  warm  waters  of  the  Gulf  of  Ahiska  ametto- 

I  Brooks.  A.  H.,  Bull.  480.  U.  S.  Geol.  Survey,  1911.  PI.  Ill  and  pp.  48-M. 
•  Mailt,  f  .  lU  BuU.  m  U.  &  GcoL  Survqr.  lai^  n.  V  and  p.  M. 
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late  the  dimate,  but  they  also  supply  moisture  to  the  winds  whid&  Mow  upon  the  C3biu- 
fach  Mountains,  giving  rise  to  extensive  precipitation  them  also,  though  of  unknown 
amount,  with  a  Inrge  proportion  in  the  form  of  snow.  The  snow  line  is  at  about  3000 
feet.  There  are,  therefore,  great  snowfields  covering  all  the  upland  areas  where  the 
slopes  are  not  too  steep,  Tliese  sno^^'field.s  fee<l  glaciers  which  extend  down  the  valleys 
to  or  near  sea  level.  Most  of  the  passes  are  £Jled  with  ice,  but  the  glaciers  are  now  far 
less  extensive  than  fcmnetly,  as  will  be  shown  later*  and  indeed  much  less  ertensive  than 
farther  east  wboe  the  aaorwfidds  at  the  loftier,  eastern  portion  of  the  Chugach  Monn- 
tnins  fee4  the  piedmont  Boing  Glacier,  and  the  snowfields  of  the  still  loftier  St.  Elias 
Range  support  tiie  Malaspina  Glacier  and  the  glaciers  of  the  Yakutat  Bay  region. 
The  glaciers  of  the  region  to  be  discussed  inclurle  various  tj'pes  from  the  smallest  ice 
patches  to  great  valley  glaciers  like  the  Miles  and  Columbia.  Some  of  these  are  tidal, 
some  end  in  the  rivers,  and  some  far  up  the  mountain  valleys. 

Topography  also  controls  the  glacier  lonns  in  the  Copper  Bh«r  valky  yrhm  there 
•re  many  excellent  ilhistntions  of  the  Imlb  type  ol  glacier.  Of  these  the  MUes,  Chikk, 
Alien,  Heney,  and  Sheridan  are  large  and  will  noeivn  more  attention  than  the  many 
l>ther  good-sised  ice  tongues. 

In  contrast  with  Yakutat  Bay,  which  has  only  three  glaciers  discharging  icebergs, 
there  are  21  tidal  glaciers  in  Prince  William  Sound.  Their  distribution  is  determined 
wholly  by  the  topography  and  climate,  for  the  largest  glacier,  the  Columbia,  is  near 
the  base  of  Florence  Beak  where  the  highest  portion  of  the  Chugach  Mountains  Is  dose 
to  sea  level  Of  the  other  tidal  glaciers  the  Urgert  number  in  a  single  arm  of  the  sea 
is  found  in  G>Ilege  Piord  where  the  Harvard,  Yale,  &nitli,  Biyn  Mawr,  Vasssr,  and 
Welleil^  Glacien  reach  tidewater.  There  are  nearly  as  many  in  the  loftier  portion  of 
the  mountains  near  Mts.  Gilbert,  Gannett,  and  Muir,  where  the  Barry,  Harriman, 
Cataract.  Surprise,  and  Serpentine  Glaciers  enter  Harriman  Fiord.  Unakwik  Inlet  and 
Port  Valdez  in  northern  Prince  William  Sound  have  only  one  tidal  glacier  each,  the 
Meares  and  Shoup,  beoanse  the  mountains  are  lower  and  the  snowfall  less.  South  of 
Port  Valdea  the  eastern  portion  of  Prince  WOKam  Sound  has  no  tidal  glacier  because 
the  mountains  are  lower.  South  of  Hanhnan  Fiord  the  WMtem  portion  of  the  sound 
has  tidal  ^aders  only  in  a  branch  of  Pa.ssage  Canal,  where  the  Blackstone  and  Ripon 
Glaciers  extend  into  the  water,  in  Port  Nellie  Juan,  where  the  Ultramarine  and  Nellie 
Juan  Glaciers  reach  the  sea,  and  in  Icy  Ray,  where  the  Chenega,  Tiger's  Tail,  and  Tiger 
Glaciers  discharge  icebergs.  This  is  because  the  Kenai  Mountains  are  lower  toward  the 
south. 

Eglmd  <if  QtaeUr  Siuditt,  Tbe  gibcisr  obaervatioos  in  this  legkm  have  resulted  frooi 
various  entefprises.  Hie  Bweslans  who,  like  the  Alaskan  natives,  attempted  to  ascend 

Copper  River  found  the  leaders  only  a  barrier,  and,  therefore,  were  not  interested  In 
them  and  have  given  us  only  a  litHc  information  concerning  the  condition  of  these 
glaciers  in  early  times.  This,  though  natural,  is  unfortunate,  but  one  cannot  help  re- 
gretting the  absence  of  glacier  observations  in  tlie  time  of  the  partial  ascents  of  Copper 
River  by  Nagaief  in  1783  and  by  other  Russian  explorers  and  traders  in  the  Copper 
Biver  and  Prince  ^VHSam  Sound  ngioos.  An  aooonnt  by  Gvenringfc  ii  the  most  valu^ 
able  qf  the  Boasian  desBripfions  ol  the  Copper  Biver  glaciew.  Some  useful  facts  con- 
cerning Prince  William  Sound  are  supplied  by  Petroff .  In  this  early  period  the  charting 
<rf  shorelines  by  explorers  like  PorUock  in  1787,  Fidalgo  in  1790,  and  Vancouver,  Whid- 
bey  and  Johnstone  in  17M,  resulted  in  more  definite  information  about  the  giaders. 
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but  only  of  the  tidewater  ioe  tonfiMB.  The  same  is  true  of  the  exploratioBS  «d  Applo 

gate  in  1887.    Davidson  has  summarized  many  of  tliese  early  explorations. 

The  explorations  by  United  States  army  officers  have  supplied  a  little  more  information 
about  the  glaciers,  because  these  parties  were  engaged  in  making  maps.  Therefore  the 
e3q)editions  by  Abercrcnnbie  in  1884,  by  Allen  in  1885,  by  Schwatka  accompanied  by 
the  geologist  Hayes  in  1801.  ligr  Gknn,  aasisted  by  Gartner,  in  18M,  bgr  AbeicraBibie 
in  1898  and  1890  have  furniahed  maps,  locations,  photognplu^ 
Valdez,  Yale,  Portage,  and  other  glaciers. 

The  utilization  of  the  Valdez  Glacier  as  a  highway  by  thousands  of  prospectors  in 
1898,  1899,  and  1900  added  little  to  our  knowledge  of  thi.s  glacier,  although  many  men 
must  have  taken  photographs  and  made  observations  which  are  not  now  available. 

Then  and  in  the  years  since,  geologists  like  Hayes,  Schrader,  Rohn,  Mendenhall, 
Spencer,  Mioffit,  and  others  mn  visiting  these  r^ons,  aooonqianied  bj  anny  oflleci» 
like  Lowe  and  Babcock  and  the  topographers  Mahlo,  WitherqMxm,  Geidine^  and  others; 
and  the  maps,  photograiilis,  and  observations  by  these  men  have  been  of  gicat  ssrvke- 
in  our  glacier  studies. 

In  1899  the  Ilarrimau  Exix'dition  came  to  the  rrince  William  Sound  region  to  study 
the  glaciers  specifically  and  Gilbert's  three  days  study  and  mapping  of  Columbia  Glacier 
are  of  the  utmost  importance.  He  also  made  observations  in  College  Fiord  and  Harri- 
man  Fioid,  where  Gannett  made  enodlent  ni^w  and  Meniam  and  othen  took  glacier 
pliotographs  of  great  value. 

Two  observers  living  within  this  area  have  studied  the  glaciers  out  of  interest  in 
their  behavior,  and  Camicia  of  Valdez  deserves  great  praise  for  his  measurements  <rf 
the  retreat  of  Valdez  Glacier  between  1898  and  1911,  as  doe.s  Johnson  of  the  Copper 
River  railway  for  his  studies  of  Childs  and  Miles  Glaciers  in  1908  and  succeeding 
years. 

Ibe  same  is  true  of  the  studies  of  tho  Pirinee  WiUiam  Sound  glaeien  during  parts 
of  tho  summcis  of  lOOff,  1908,  1000,  and  1010  by  Giant,  in  connection  with  his  U.  & 

Geological  Survey  work.  During  part  of  the  time  he  was  assisted  by  Higgins,  some  of 
whose  glacier  maps  are  lefnoduced  in  this  volume.  Grant  and  Higgins  have  written  an 
account  of  the  glaciers  and  glaciation  of  Prince  William  Sound.  This  had  not  been 
published  at  the  time  of  completing  this  manuscript,  although  after  doing  our  own 
field  work  in  1904,  1909,  1910,  and  1911  we  have  seen  the  magazine  articles  containing 
•bstcBcts  of  portions  of  their  woric.  Giant  generously  aBowud  us  to  use  ha  mannsci^ 
maps  and  unpubOahed  pliotographs  in  the  field,  rendering  our  own  field  wwx  iiwuh 
more  efToctivo. 

The  account  here  presented  is  based  upon  the  earlier  work,  especially  that  published 
by  Gilbert  and  the  Harriman  Expedition,  by  Grant  and  Higgins,  and  by  Davidson, 
in  addition  to  our  own  field  work.  Tliis  field  work  included  (1)  brief  observations  of 
Valdez  Glacier  by  the  junior  author  in  June  and  September,  1904,  {^)  a  few  days'  study 
by  both  authors  of  this  book  in  August,  1909,  (3)  a  little  over  two  months  detailed  study 
and  mapping  tho  junior  author  between  June  and  September,  1010,  and  (4)  n  few- 
days*  observations  in  June,  1011. 

Fifty-three  of  tho  glaciefs  of  Prince  William  Sound  will  be  discussed  first,  after  whidi 
attention  vn]]  be  given  to  seventeen  of  the  pl.u  iers  of  the  lower  Copper  River  and  to- 
the  pluMK^inena  of  general  glaciation  in  connection  with  these  seventy  larger  ioe  tongues' 
and  certain  smaller  ones. 
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Location  and  Gknkral  Ria>ATxoNBHiP8 

Localion.  The  glaciers  discussod  in  this  chapter  are  situated  in  northeastern  Prince 
William  Sound,  upon  the  long  narrow  fiord  called  Port  Valdez  (PI.  XCIII),  already 
alluded  to  as  the  northernmost  of  the  fiords  on  the  east  side  of  Prince  William  Sound, 
where  it  penetrates  most  deeply  into  the  Chugach  Mountains. 

The  Port  VaUm  Fiord.  The  Port  Valdes  fiord  extends  northward  from  the  north- 
east eomer  of  Prince  WHEam  Sound,  between  Ghuoer  Island  and  Bligh  Island  just  north- 
imtof  EDamar,  where  it  has  a  width  of  ten  miles  and  a  depth  of  000  to  1S00  feet  Una 
lower  portion  of  the  fiord  has  Galena,  Jack,  and  Sa-rtTnill  Bays  as  tril)utaries,  and  nar- 
rows rapidly  toward  the  nortlieast,  until  it  attains  a  width  of  less  than  seven-eighths 
of  a  mile  at  Valdez  (or  Stanton)  Narrows,  where  tlie  depth  is  less  than  500  feet  and 
where  a  reef  (Middle  Rock)  rises  to  the  surface  with  surrounding  depths  of  180  to  300  feet. 
Hese  the  fiord  tons  abruptly  aastwaid,  leoeinng  Shoup  Bay  on  the  north  «ide»  nldai- 
iog  to  belipieeu  tiivee  and  four  miles*  and  inenasing  in  depth  to  600  and  in  plaoei  over 
800  feet.  The  southw^  portion,  outside  the  NanowB>  is  twenty  milea  h»g,  the  eastern 
part  eleven  or  twelve  miles.  The  shxnes  have  many  mingr  oapes,  coves  and  small  inkts 
and  are  mostly  rocky. 

At  the  eastern  or  extreme  ui)f>er  end  Port  Valdez  shallows  and  there  is  a  fringe  of 
broad  tide  flats  where  Lowe  River  comes  in  from  the  east  and  Robe  River  and  a  number 
of  other  gladal  strcams  tram  Codbin  and  Valdea  Gladcts  on  the  northeast  The  nar- 
vower,  onsubmei^ed  yaDcy  of  Lowe  River  extends  the  fiord  valley  eastward  for  twelve 
miles  to  the  mouth  of  Keystone  Canyon,  beyond  which  the  river  heads  against  the 
Copper  River  headwaters  on  Thompson  and  Marshall  passes.  Other  streams  entering 
Port  Valdez,  beside  those  from  the  Valdex  and  Shoup  Glacier  valleys,  are  Mineral 
Creek,  Fall  or  Gold  Creek,  and  Canyon  Creek,  on  tlie  north,  and  Solomon  Gulch  and 
other  unnamed  creeks  on  the  south.  Several  of  these  streams  are  in  hanging  valleys 
(h.  Kg.  «6). 

The  mountains  enclosing  the  fiord  rise  four  or  five  thousand  feet  within  a  mile  or  two 
of  the  Aon,  and  five  or  six  thousand  feet  a  duatt  distance  further  back.  These  nMnm<- 

tains  encircling  Port  Valdez  maintain  permanent  snowfields  which  feed  minor  ice  tongues. 
Of  these  there  are  three  east  of  Solomon  Gulch,  Annin  Glacier  and  three  others  between 
Valdez  Narrows  and  Shoup  Gla<"ier.  one  in  Fall  or  Gold  Creek,  the  Corl)in  and  Hog- 
back Glaciers  east  of  Valdes,  and  the  Valdez  and  Shoup  Glaciers  wluch  are  to  be  more 
fully  described. 

The  town  ct  Valdes  is  at  the  extreme  eastern  upper  end  of  the  &ord  near  the  north 
aide;  and  opposite  it  on  the  south  shore,  near  the  she  of  the  former  settkment  called 
Swaaport,  is  Fort  liscom,  a  United  Ststlis  amy  post 

or 
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The  Valdbs  Glacsbb 

Gmtni  IktenfUoH.  Hie  Yaldes  Gladar  CPIa.  XCIV.  A,  and  XCV)  is  •  fkrough 
leader  wboat  northan  temmiiB  is  called  Khrtene  Gleder.  It  lias  been  described  bgr 
Schiader  as  follows.*  "Starting  from  Valdez,  the  trail  leads  4  miles  northeast,  with  * 
very  gentle  rise  over  the  delta  gravels,  to  the  foot  of  the  Valdez  glacier,  thence  about 
north  for  18  miles  up  the  glacier  to  the  summit,  which  is  4800  feet  high.  The  glacier 
is  broken  or  transversely  marked  by  four  or  five  successive  long  benches  or  terraces, 
from  one  to  the  other  of  which  the  rise  of  100  feet  or  more  is  usually  sharp  and  some- 
fSmet  difficult,  the  topography  ol  tlie  fee  bebg  rugged,  wiUi  envasses,  ridges,  and 
tiuiets.  With  the  eiceptioii  of  these  benches  the  asomt  from  the  foot  of  the  glacier  to 
near  the  summit  is  gradual;  but  just  before  lesdiiag  the  top  there  is  a  steep  rise  of  a 
thousand  feet  at  an  angle  of  15°  to  £0°.  The  pass  is  guarded  by  a  coiqile  of  prominent 
peaks,  one  on  either  side  and  standing  about  a  mile  apart.  From  the  summit  the  trail 
descends  rapidly,  but  nowhere  abruptly,  for  a  distance  of  G  miles  through  a  canyon- 
like valley  to  the  foot  of  the  1innfi»nA  glacier,  which  is  the  source  of  the  Kluteiia. 
nvcr. 

Vakfea  Glader  trends  e  little  west  of  ncnth  to  the  divide  Bates  Pass,  bcjond  iHiich 
the  other  end  of  the  throui^  Racier  boids  eastward  again.  It  averages  two  miles  in 

widtli.  while  Klutena  Glacier  is  from  one  to  two  miles  wide.  Omitting  two  barely  de- 
tached tributary'  glaciers,  Valdez  Glacier  receives  two  tributaries  from  the  east  and 
one  from  the  west^  while  Klulena  Glacier  receives  two  eastern  and  one  western  tributary 
near  Bates  Pass.  The  latter,  which  has  a  width  of  about  two  miles,  heads  at  least  ten 
miles  farther  to  the  west  on  a  5000-foot  pass,  perhaps  as  a  through  glacier  with  the 
8houp  or  Columbia  ice  tongues,  and  flows  eastward  and  bifurcates  near  Summit  Peak% 
—tMitng  n  ffffr^yil^  gla/tini  distributaiy  iiurtheiistwaid  to  Khitena  Glacier  and  a  larger 
one  southeastward  to  Valdez  Glacier. 

The  Bates  Pass  ice  tongue  is  another  through  glacier  east  of  this  one  (Fl.  XCV) ,  the 
divide  being  covered  by  a  snowfield.  The  Klutena  terminus  is  2020  feet  above  sea  le\  el 
and  from  it  a  stream  flows  to  Copper  River.  The  Valdez  terminus  is  210  feet  above 
sea  level,  the  difference  in  elevation  of  the  termini  being  mainly  a  response  to  the  differ- 
ence in  snowfaU  on  the  seaward  and  landward  sides  of  the  mountain  range.  The  moun- 
tain walls  of  the  Valdes-Klutena  throu^  i^bcier  rise  from  four  to  over  seven  thousand 
fieet,  being  mucli  oversteepened  by  former  glacial  erosion.  The  fancier  surface  is  made 
up  of  a  series  of  ice  falls  and  gentler  slopes  so  that  the  prospectors  spoke  of  it  as  divided 
into  "benches."  There  are  no  pronounced  medial  moraines,  but  the  lateral  moraines 
are  broad,  and  near  the  terminus  several  faint  medial  moraines  are  disclosed  by  ablation. 

The  width  of  Valdez  Glacier  at  the  terminus  is  a  mile  and  a  quarter,  or  a  mile  and 
three-quarters  around  the  slightly  curved  periphciy  of  the  firant.  The  ice  front  risea 
800  feet  in  the  first  quarter  of  •  mile^  and  reaches  an  elevation  of  1000  feet  seven-eighth 
of  a  mile  from  the  end,  1500  feet  a  mile  and  a  half  back,  and  feet  at  a  distance  of 
eleven  and  a  half  miles  from  the  terminus. 

A  mile  and  a  half  from  the  end  of  the  glacier,  on  the  eastern  side,  is  the  valley  of 
a  detached  tributary  into  which  Valdez  Glacier  bulges  slightly.  The  small  giarier  in 
this  valley  (which  we  have  named  Camicia  (ilat  icr)  is  three-eighths  of  a  mile  wide  and 

1  Sdmder,  F.  C.  Report  on  Prince  William  Sound  and  the  Cappa  River  Region,  in  Maps  and  Dtaeng^ 
tMMof  BoBteiofExplontkainAlMbib  188e.SpecUPnb^^  1889,  p.  61. 
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Jus  om  aouUk  tributaiy.  Its  end  ia  heavily  covered  with  moraine  and  completely  dis- 
ooonectod  Imib  ValdM  Glsder. 
Behroen  the  teRDin  ol  VaUes  CUader  and  Port  VaUw  am 

outwash  gravel  plain  with  many  occupied  and  abandoned  ftieam  courses,  a  few  knoba 
of  dissected  outwash  gravels  and  recessional  moraines,  and,  near  Valdez,  a  strip  of  forest. 

ObservcUions  Prior  to  1898.  Vancouver's  lieutenant,  Whidl>ey,  entered  Puerto  de 
Valdes  on  June  10,  1794,  making  the  first  map  of  it  and  showing  its  head  about  half 
way  between  Valdez  Narrows  and  the  present  terminus.  He  sailed  northeast  for  twelve 
mlka,  or  to  idiat  iro  now  eall  VaUea  Nanowa,  irbett  ho  stales '  that  a  "smaU  brook* 
floppKod  by  the  dissotving  ol  the  ioe  and  snow  on  the  mountains,  flowed  into  the  ann, 
vUdi  about  five  miles  from  thence  tenninated  in  an  easteriy  direction.'*  Tfaa  latitude 
given  and  the  shape  of  the  fiord  are  essentially  correct  except  that  it  does  not  extend 
eastward  as  far  as  now;  but  no  glaciers  are  mentioned.  Whidbey  speaks  of  the  region 
being  in  the  same  latitude  as  wliat  we  now  call  Columbia  Glacier  where  they  had  ob- 
sen'ed  great  falls  of  ice,  and  of  their  surprise  in  Port  Valdez  that  "in  this  branch  no  ice 
has  been  seen,  notwithstmdfag  ft  is  twminatad  by  AtSkm  waler  at  its  head,  and  is 
fonoonded  by  limikr  steep  froeen  mountains."  Davidson  has  looked  into  Wbidbey's 
description  and  beiierves*  tiiat  if  the  shore  on  Whidbey *s  map  "really  was  the  limit  of 
the  bay,  and  the  water  was  found  shallow,  then  the  whole  eastern  half  of  the  Port, 
with  its  one  hundred  and  fifty  iathoms  depth,  was  occupied  by  a  low  monune-oovered 
Racier  that  hid  the  ice  front." 

We  are  not  convinced  of  the  correctness  of  tliis  interpretation,  partly  because  no  thim- 
dering  ioe  iilis  or  floating  ioebeigs  aie  nienlioned,  as  irouM  be  neoessaiy  with  tto 
depth  d  the  fiord,  partly  because  the  original  account  does  not  prove  that  Whidbey 
went  isr  enough  through  the  Narrows  to  see  the  vriiole  length  of  Valdes  Arm  and  the 
Shoup  and  Valdez  GlaciacB,  but  ehiefly  because  easton  Prince  William  Sound  does  not 
seem  to  have  had  such  a  reeent  CfMSode  of  ice  advance  as  is  shown  in  Yakutat  and  Gla- 
cier Bays.  An  eight  or  nine-mile  retreat  for  Valdez  Glacier  between  1794  and  1898  is 
not  impossible,  but,  if  Davidson's  interpretation  is  correct,  the  vegetation  has  followed 
tte  ioe  front  much  more  closely  here  than  in  similar  cases  we  have  observed  in  Alaska, 
lorinlMO  spruce  was  groiring  at  Valdea  and  oottonwood  and  aider  eattendediii^t  up  to 
tha^bwier.  Moreover,  if  Valdes  dader  was  so  eztMuive  in  1794,  even  if  morsine-oovered 
and  not  discharging  icebergs,  and  not  recognised  as  a  glader,  Shoup  Glacier  should 
have  been  similarly  expanded  and  must  have  been  "visible  to  Whidbey  from  the  Narrows, 
should  have  discharged  icebergs,  and  .should  have  spread  over  slopes  that  are  now  too 
well  tree-covered  to  have  been  reforested  in  the  years  between  1794  and  1898.  Another 
objection  to  this  theoiy  of  recent  great  expansion  of  Valdez  Glacier  is  the  preaenoe  of 
the  rttf  eatouifie  outwash  gravel  plain  which  extends  firom  the  Valdes  Glacier  front 
thraeandahalf  miles  to  the  head  of  the  fiord.  A  kng  period  of  time  has  been  required 
to  build  this  giaviri  pidn,  even  assuming  former  shallow  water  where  it  stands;  and, 
moreover,  mature  Cottonwood  trees  have  had  time  to  gioiw  upon  it  since  it  was  built 
above  sea  level. 

>  Vancouver,  Capt  Geoige.  A  Vognis*  of  OinoMqr  to  fht  Nottt  FSdIlc  Oomb  sad  Aiwnd  Oft  WoM, 

VoL  V,  London,  1801.  pp.  317-8. 

■Dmvidaon,  Geoige,  The  Glaciers  ot  Alaska  that  are  Shown  on  Rusaiao  Cbartj  or  Mentiooed  in  Older 
Nmtbvi^  Tkm.  §mi  Vnc  G«iff.  Soc,  FlMifie^  ToL  m,  ISOi  pp.  9&-^ 
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We  an  indiiiMl  to  ^UA,  iHadom,  Mff^  Valdu  «beiw' fa  nmr  iMMiiai 
from  a  iairiy  recent,  more  ndvanoed  position,  the  evidence  is  not  couAuAvb  that  Ikl 
advance  was  so  recent  as  suggested  by  Davidson's  intefpretatfion  ct  Whadkt^t  ob- 
servations in  1794. 

There  is  a  rumor  that  the  Russians  went  into  the  Copper  River  valley  from  the  head 
of  Port  Valdez,  but  it  is  not  known  when,  nor  whether  they  went  over  the  Valdes  Glacier, 
nor  what  conditions  they  encountered. 

Fetraff  stated*  in  a  iqwrt  wiitten  in  1888,  that  "in  Port  Yaida*,  at  tho  noffhwi 
«Ktnniity^of  the  sound, »  glacier  eadstt  witii  a  faoe  15  miles  in  kf^lli  at  tiie  sea  Aote^ 
uriule  its  downward  tradt  can  he  traced  almost  to  the  summit  of  the  Alps.  Huge  ioo* 
herjrs  rirop  off  its  fare  with  a  thundering  noise  almost  continually  and  drift  out  to  sea, 
and  the  whole  extensive  bay  is  covered  with  small  fragments,  making  it  inaccessible  to 
even  boat  navigation,  and  consequently  a  safe  retreat  for  seals,  which  six)rt  here  in 
thousands.  Port  Fidalgo  in  the  east  and  Port  Wells  in  the  west  also  have  tremendous 
gladets." 

The  pnoenee  oi  a  glacier  "fifteen  miles  in  length  at  the  seashoce"is  nuudfeatljr  hth 

possible  in  Port  Valdez  fiord  which  could  not  have  hdd  such  a  glacier,  even  if  Valdex 
and  Shoup  Glaciers  had  then  coalesced;  nor  could  such  a  large  glacier  have  existed 
anywhere  in  Prince  William  Sound,  for  the  expunsion  and  union  of  Valdez,  Shoup, 
and  Columbia  Glaciers  would  result  in  a  united  ice  front  of  only  ten  miles.  Vegetation 
and  human  records  prove  that  no  such  expansion  could  have  occurred  between  1794  and 
aometime  betwera  1868  and  1888,  the  dates  between  wUkh  any  possiUe  Rnssiaa  ob- 
servation to  whidi  Fetroff  might  have  had  access  must  have  been  made.  The  dimen- 
sions aie  evidently  an  error,  possibly  oi  printing  or  of  traaslatioii,  for  Petraff  kneir  the 
Russian  records  as  well  as  any  man. 

He  specifically  mentions  the  Port  Wells  glaciers  to  the  west,  which  are  still  tidal, 
and  glaciers  in  Port  Fidalgo  on  the  eastern  side  of  Prince  William  Sound,  where  no 
glaciers  are  now  known,  but  does  not  mention  the  great  Columbia  Glado',  the  largest 
iee  tongne  of  the  iriiole  legioB.  We  Ihink  it  piobaUe  that  the  Colmnbia  Glacier  leached 
tidewater  in  the  period  mentioned,  as  it  does  now,  and  aie^  therefore,  inclined  to  beliofe 
that  the  Columbia  Glacier  is  referred  to  in  the  sentences  quoted  from  Petroff. 

In  September,  1884,  Lieut.  W.  R.  Abercrombie  of  the  U.  S.  Army  entered  Port  Valdes 
and  ascended  one  of  the  glaciers  to  a  point  where  he  could  see  a  lake  beyond.*  It  is  not 
evident  whether  this  was  the  Corbin  Glacier  or  some  other  ice  tongue  that  was  then 
more  extensive  than  now.  It  can  hanUy  have  beoi  the  ValdeB  Glader  and  Klutena 
Lake,  for  the  direction  is  wrong  and  the  distance  too  great.  The  ice  pass  soo^t  was 
one  formerly  (1850-60)  used  by  the  Copper  River  natrres  on  their  way  to  Prince  Wil- 
liam Sound.  It  may  have  been  one  leading  to  Woodworth  Grader  in  the  Tasnuna 
Valley,  though  the  distance  is  rather  great  and  there  is  now  no  lake.  It  was  not  Mar- 
shall Pass,  whicli  has  no  glacier.  Allen's  map  made  in  1885,  perhaps  from  Abercrombie's 
data,  shows  this  route  with  the  glacier  and  lake,'  but  not  on  a  large  enough  scale  for 

>  Petroff.  Ivan,  PopuUtko,  Industrici  and  Bcwurai  cf  Aladka,  Tenth  Ccdmis  oi  the  United  Stotok  1860, 

Vol.  VIII,  1884.  p.  47. 

■  Aberctombie.  W.  R..  Supplemntaiy  EzpeditioB  into  the  Copper  River  Valley,  Aladca.  In  NsnaUlW 
ol  Exptorationa  in  Alaska,  Washington.  1900,  pp.  891-2;  Amer.  Geol..  Vol.  XXIV,  1899.  pp.  84»-»4. 

*  ABen,  H.  T,  An  Expedition  to  tlie  Copper.  Tanaoa,  and  Koynkuk  Riven,  Senate  Ex.  Doc  ISfi,  49th 
CoaiiMi.  iMi  Mon.  WsdU^ton,  188T*  Msp  t. 
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Plate  LXXXI 


B.    Details  of  Surface  of  Hidden  Glacier  in  1909 


Plate  LXXXII 


A.    HiiJDKN  GMfiKii  Delta  in  1899  fhom  Pjioto  Station  C 
View  by  G.  K.  Gilbert.    Tiie  Harritnan  Expeilitiun  sliip  George  M*.  Elder  at  oachor  at  low  tide. 


B.   TiiK  Fkont  of  Hidden  Gu\nEH  Delta  is  1910 
Picliipo  (akrn  al  low  tide.    Hotwifn  1S!>9  ami  1910  the  fiDnl  of  lliis  delta  was  built  forwartl  IfMK)  fpet,  so  tbtt 
tlie  place  where  the  Harrinian  K\pi-4iiti«>n  ship  was  able  tu  audiur  at  low  tide  in  1899  was  dry  land  at  all  stiigei 
of  li<ie  in  li)IU.    Huth  pirtiin*s  from  same  site. 
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Pi.^TK  LXXXV 


Hidden*  Gu^cier  in  1899,  ix  1905  and  1906,  ami  ix  1909  (.Tokxjh.vpht  after  Gannett) 


Plate  LXXXVI 


B.      Koi  HTII  (JUWIKH  IX  IWKJ 

FhutogrRpli  liv  <  'ariadiHii  Boundary  .Sun'cy. 


Pu^TK  LXXXIX 


A.   Ehkrr  on  0\errii)de\  GiiA\XLa  Sorxn  of  Cape  Enciiaxtmext 
On  west  side  of  wiuth  arm  of  Ktust'II  Fionl.    Note  general  abst^re  of  veffi'tation.  I*hotograph 

Uiki  n  July  ]W}5. 


B.    McCarty  (Jla^ier  in  190.> 
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SOCNOINOB  AND  SuilMEIUiED  CoXTOrRS  IN  Rr88EI.L  FlORD  AND  DlSKNTIIANTMEXT  BaT 
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Plate  XCIV 


A.    Valdez  Glacier  »-rom  the  East  Side 
Photograph  by  A.  C.  Spenwr.  1900. 


B.    The  (■ij:ar  Ice  St  iiFArE  ok  thk  Mkoial  Pohtiox  of  Valdez  Gl.\cier 
View  looking  up  thr  glacier.    Photograph  tukcii  .\ugust  18,  1909. 


Plate  XCV 


TlIK  V\1-DEZ  (thA<  IKK  IIlliinVAY  (AITKU  Sf  IIRADKR,  MaI1U>,  AND  IxJWE) 

An  i(v-fill«*(l  pass  arn»ss  tlii>  <'hii>fiHh  Moiinlains.  (■n>ss<'<l  l>y  thoiisamLs  of  pn»s|>wttirs.  Thf 
Slioiip  (iliic-ior,  ust^l  a.s  an  i<«'-lioiisf  by  ihe  sohlk-rs  at  Knri  ysc-um.  riwir  Swan|)t»rt. 
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Pi  vTi:  XCVII 


A.    Dkhkih  Cone  ox  the  Frontal  Mahhix  of  Valdez  Glacier 
Photojnnph.  August  IK.  1909. 


B.    Wkstehn  Mak<;i\  ok  Coli  mbia  (H^vciKii  (ox  ijsft).    ,\ugu8T  iS,  1909 
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identification  of  the  glucier  mentioned  by  Abercrombie.   We  are,  therefore,  unable  to 
•tite  qwrifirally  "wiuA  the  i^acial  conditaont  in  Port  Valdes  were  even  as  late  as  1884. 
VoUm  Oktem  betwtin  1898  mi  1911,  In  1896  Valdes  Glader  becune  a  higbway  <rf 

travel  into  the  intenor  of  Alaska,*  and  from  that  date  to  the  present  we  have  dc&ute 
knowledge  about  the  genmd  condition  of  the  ^ader.   It  is  not  known  who  was  the 

first  of  the  prospectors  who  made  his  way  across  the*  ico-fillrd  i).iss  of  \'aldez  Glacier, 
on  his  way  to  the  Klondike  gold  fields  hy  the  AU-Amerieari  njute  or  to  the  (xjpper  River 
valley,  nor  when  the  first  traverse  was  made.  Doubtless  this  first  journey  was  made 
bclote  1886,  lor  daring  Fdbmaiy,  Mardi  and  April  of  that  year  three  thousand  people 
landed  at  Valdes,  and  one  or  two  Uiomand  more  came  during  the  summer.  Some 
prospectors  had  reached  the  sanumt  of  VaUes  Glacier  hy  kpA  15th,  and  before  Ifagr 
9kd  2000  men  had  crossed  the  pass  and  goiie  down  the  Klutena  Glacier,  ^riiile  1500  more 
were  on  their  way.'  Mr.  Charles  Simonstad  of  Valdez  who  crossed  the  glacier  in  1898 
states  that  5000  men  laruletl  that  year,  that  4500  crossed  the  glacier  pass,  and  that 
all  but  two  or  three  hundred  of  them  returned  that  fall  by  the  same  route. 

In  i^iril  sad  May,  180^  some  of  the  army  detanhmfnts  eiOHed  the  gUuaer  pass 
several  times.  These  men  and  the  many  prospectocs  enoountaed  great  hardshipeb 
being  unprepared  for  glacier  travel;  but  the  generally  inadiTe  condition  of  the  Racier 
may  be  inferred  from  the  fact  that  three  or  four  thousand  men  were  able  to  travel  over 
it  as  a  highway  during  1808,  to  transport  thousands  of  pounds  of  pro^'^sions  and  outfit, 
and  even  to  take  pack  animals  over  tlie  twenty-four  miles  of  ice,  twenty-three  horses 
and  mules  being  used  by  a  single  one  of  the  army  parties,  and  fourteen  by  another. 
Hie  gaolflgut  Sduader  and  asmal  of  the  army  offiocn  have  described  Hie  glacier  with 
its  ice  falls,  bendies,  and  cwvassee,  the  descriptioas  and  photographs  by  Sdinder  and 
the  map  by  Mahio  showing  conclusively  that  the  surface  and  the  position  of  the  ter- 
minus have  fluctuated  only  slightly  between  1808  and  1900.  The  1898  map  shows  the 
glacier  terminus  projecting  farthest  near  the  eastern  side  of  the  valley  and  two  streams 
flowing  to  the  fiord,  one  on  the  western  side  through  Valdez,  tlie  other  hy  way  of  Robe 
Lake.  This  map  is  reproduced  as  PI.  XCV.  A  large  phoU^raph  of  the  front  of  the 
^ader  taken  by  J.  H.  Steiner  on  Jo|y  14, 1886,  shows  the  westsm  maigin  ending  close 
to  a  distinctive  tabs  cone  on  the  moontain  side»  and  eiactly  at,  or  within  a  few  scote 
feet,  of  the  position  of  the  same  margin  in  1909. 

The  second  Copper  River  Ex{)loring  Expedition  of  the  U.  S.  Army,  in  1899,  also 
under  cliarjre  of  Captain  Abercrombie,  gav^e  little  attention  to  the  Valdez  Glacier  and 
very  few  {)r()s{)cc  tors  crossed  the  glacier  pass  that  year,  altliough  many  had  come  back 
that  way  during  the  previous  fall  and  winter.  It  was  crossed  by  at  least  one  army 
par^,*  however,  J.  P.  Bice  going  over  the  glacier  and  bade  again;  and  the  front  was 
mspped  by  lieot  W.  C.  Baboock,  ^o  also  took  many  photographs  of  the  ice  front, 

tMarliib  Lsimaee,  lluterinf  tiie  AtsAaa  Qsdw  Btnien,  Sdeatllie  Anoicaii  Supplement.  Vol.  LXXI. 
1911,  pp.  805-8  )7;  Alaskan  Glaoi'-rs  in  Rt  lution  to  life,  Bull.  Ann  r.  Gihi^;.  S>r.,  \\>l.  45.  1918,  pp.  801-818. 

»  AV>crcnimhic,  W.  R.,  KqMrt^  of  Explorations  in  the  Territorj-  of  Alaalca,  189S.  W;ir  Dept.,  Adj.-Gen. 
Office,  No.  XXV,  Washington,  1899,  pp.  899000,  80^309,  848-844,  &SS-854,  889-891.  394-401,  408-407. 
Mt-iM^  4»-48S,  451-4nk  «M-4M:  dMi^HMkhcdmNanMhwolBiidoim^  1900. 

Schradcr.  F.  C.,  A  Tlcconniiiss.Tnco  of  a  Part  of  Prince  William  Sounrl  and  tlie  Coppor  River  Dfaltaiot, 
Abaka,  in  1808,  20th  Ann.  Bq>t^  U.  S.  Geoi.  Survey,  Part  VII.  1900,  pp.  3aO-853,  855-356,  881-882. 
•Bint,  John     fii  W.  B.  AbafomnUe'a  Co|ip«r  Rhwr  Exploring  Expedition,  Alaaka,  18M.  Waahington, 

itn^  pik  M-f7. 
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published  in  the  report  referred  to  above,  several  of  which  may  be  used  for  determining 
the  slight  changes  in  the  glacier  terminus  between  1899  and  19Q9.  His  map  shows  that 
the  end  changed  from  a  southwest-facing  terminus  projecting  most  on  the  eastern  side 
in  1898  to  a  south-facing  terminus  projecting  most  in  the  middle  in  1899.  The  glacial 
streams  changed  slightly  also. 

Schrader  and  Spencer,  in  1900,  went  into  the  Copper  River  valley  by  way  of  Valdez, 
and  their  topographers,  Gerdine  and  Witherspoon,  represented  the  Valdez  Glacier  upon 
a  map,  although  their  route  lay  over  a  new  military  trail  which  did  not  traverse  the 
Valdez  Glacier.   They  state  that  most  of  the  prospectors  who  went  into  the  interior 


Fio.  ti.   Skitch  Map  or  Valdez  Glaoer  in  1909. 
The  contours  are  in  error,  owing  to  an  accident  to  the  instrument  used. 


over  the  snow  early  in  1900  followed  the  glacier  route,  but  that  it  was  not  utilized  during 
the  summer.'  Their  map  and  a  photograph  by  Spencer  show  the  ice  front  much  as  in 
1899,  though  the  streams  on  the  outwash  plain  were  slightly  different. 

In  1901  begins  the  series  of  valuable  observations  of  Valdez  Glacier  by  the  late 
L.  S.  Camicia,  an  optician  and  watch-maker  at  Valdez,  who  took  pains  to  go  to  the 
glacier  nearly  every  year  since  then,  and  who  made  careful  measurements  of  the 
retreating  ice  front.  He  visited  the  glacier  in  1898  and  1899  but  made  no  measure^ 
ments.  In  1901  he  selected  stations  and  built  monuments  upon  morainic  knolls  in 
front  of  the  glacier,  and,  by  pacing  and  measuring  wnth  a  twenty-foot  rope,  determined 

>  Schrader,  F.  C.  and  Spencer,  A.  C,  The  Geology  and  Mineral  Resources  of  a  Portion  of  the  Copper  River 
District,  Alaska,  House  Doc.  546,  56th  Congress,  2nd  Session,  Washington,  1901,  p.  19  and  Rate  II:  also 
republished  in  PI.  I,  Bull.  374.  U.  S.  Geol.  Survey,  1909.  and  Cbitina  Quadrangle,  Map  601,  U.  S.  Geol.  Survey. 
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the  dist.ince  from  the  stations  to  the  ice  front.  These  observations  were  repeated  in 
the  years  listed  below,  shomng  tJbat  the  glacier  retreated  586  feet  between  June  6, 
and  June  18^  1911,  or  an  mngt  ti  about  ff8|  feet  per  year.  It  is  unfavtmiata 
that  Dr.  Camioia  made  no  obaervatioiia  in  IMd  or  1907  ^rhen  the  oUienriae  steady  re- 
treat was  interrupted*  as  will  be  shown  later.  He  slatea  that  the  glacier  has  retreated 
more  on  the  east  than  on  the  west  aide.  The  measurements  given  below  ace  about  in 
the  middle  ot  the  ice  front. 


Tablb  Showimu  Bkbbas  ov  Yauosi  GitL€im  Dumiio  Trnm  Yiabs 


JkUrfObmnaiim 

AnHouHt  Rtinot 

TofoLBstnat 

Jnne  6,  1901,  to  June  18,  19(H 

S9  feet 

S9  feet 

June  18,  1902,  to  June  7,  1904 

165  " 

204 

June  7,  1904,  to  June  16,  1905 

07 

801  " 

Jiineie»  1Q05,  toOet  18»  1008 

t05  " 

500  ** 

Oct  IS,  190^  to  June  «,  1000 

44  - 

MO  " 

June  £1,  1900,  to  June  18, 1911 

90  - 

580  " 

In  June  and  September,  1904,  the  junior  author  spent  several  days  at  Valdea  and 
made  brief  obser\'ations  of  the  glacier.  The  following  description  is  based  upon  notes 
made  at  the  time.  The  front  had  no  terminal  cli£F  but  ended  in  a  low  sloping  edge, 
almost  as  in  1909.  The  lateral  moraines  were  much  &s  tliey  are  now,  and  in  a  wetlf^e 
near  the  center  tlie  ice  was  mantled  with  angular  fragments  for  a  half  mile  from  the 
front,  but  was  less  crevassed  than  in  1909.  The  area  of  crevassing  near  the  turn  in 
the  glacier  on  the  west  aide  was  much  as  during  the  vdiole  period  ci  observations. 
Tliera  was  s  good«iied  lakelet  in  front  of  t2ie  ^bcier,  west  ct  the  middle  a  veiy  large 
atream  flowing  from  the  eastern  margin  of  the  glacier,  and  a  smaller  stream  from 
western  margin.  The  latter  was  veqr  nmdi  laiger  than  the  stream  oociqigring  the  same 
position  in  1909. 

Valdez  Glacier  has  been  twice  visited  by  Professor  U.  S.  Grant.  He  made  observa- 
tions and  took  photographs  in  1905  which  enabled  him  to  detect  an  advance  between 
that  year  and  1908,  which  he  describes  ^  as  foOowa: 
"The  western  part  ti  the  front  of  this  (VaUez)  glacier  was  visited  about  August 
1^05,  and  again  on  July  11,  1906.  Some  time  during  this  interval  the  glacier  haa 
advanced  950  to  350  feet  and  built  a  moraine  and  then  retreated  nearly  to  its  former 
position.   On  the  extreme  western  edge  the  ice  in  1908  was  about  100  feet  in  advance 
of  its  position  in  1905.** 
!      Since  Dr.  Camicia  did  not  visit  the  VaMea  glacier  in  1906  or  1907,  we  cannot  be  sure 
I   in  wliicfa  of  these  yean  the  advance  took  place.  It  must  have  been  digfat  and  brief, 
as  it  escaped  observation  fay  tiie  people  of  Yaldes,  only  tiiree  and  a  half  miles  away. 
A  photograph  taken  in  June,  1907,  proves  that  the  admoe  waa  not  going  on  at  that 
I   tim^  and  it  seema  probable  that  it  occurred  in  1906. 

i       >b  H.  F.  Rdd's  VariatioiM  of  Gladera,  Journ.  Gcol..  Vol.  XVn.  1909.  p.  670. 

Grant,  U.  S.  and  Hi^giiu,  D.  F.,  Gladeia  ot  Um  Nortfaaa  Fkrt  U  Prinee  Waiiun  Sonad  BttU.  AsMt. 
Geog.  Soc^  Vol.  XLQ,  1910,  pp.  7SS^S6. 
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Obatrvaltions  by  the  National  Geographic  Society.  The  National  (leographic  Society** 
eqiedStkm  spent  Augmft  17-19»  1M9*  in  itudj-ing  and  photograpking  VaUM  Gfafliv.* 
We  miidft  dight  additiopal  obaenratioM  in  1010  nd  1011.  In  1000  Mr.  Levris  mwfe  Oe 

topographic  sketch  map  reproduced  as  Fig.  22  and  established  the  bench  marks  from  which 
transit  readinirs  on  the  ice  front  mm  made.  Tbeae  hvuk  madu*  lor  Valdes  Gladei^ 
•re  located  as  follows. 

Transit  Readings.   Transit  readings  from  Stations  A  and  B,  Vaides  Glacier,  August 
19,  1909. 

Stution  A  (Fig.  23)  is  located  on  the  biDaide  on  the  mt  aide  ol  tlie  allnvid 
plain,  oae>]iatf  mile  aouUi  el  the  i^acier  front.  It  ia  a  stake  dnven  two  feet  in  tim  I 
ground,  just  above  a  bare  brownish  diff  about  SOO  feet  above  the  plain. 


Readings 


FaiML  Sighted 

Ver.A 

Angle  from 

1.  StatbrnB 

180*  00'  • 

%.  Ejilieme  aouAeni  point  of  Racier 

840*  88' 

108*88' 

i«*fr 

S.  Ice  front  about  middle  of  glacier 

848*  51' 

108*  «' 

18*00' 

4.  West  margin  of  glacier  where  ice 

disapp>ears  fnim    view  around 

hill.    Point  is  about  one  mile 

north  of  ice  front 

301*  18' 

181*'  18' 

58**  42' 

Station  B  is  located  on  the  point  of  a  spur  east  of  the  outwash  gravel  plain  and  about 
1£00  feet  ea.st  of  the  present  discharging  stream  of  the  glacier.  A  creek  from  the  high 
hills  to  tlie  east,  running  west,  bears  north  of  the  station  about  600  feet,  and  a  prospec- 
tor's cabin  bears  north  about  1500  feet.  The  station  is  marked  by  a  stake  driven  in  a 
cndc  in  a  bowlder  4  by  8  fbet  on  top. 

Rbadincm 


Point  Sighted 

J'^r.  A 

Ver.  B 

Angle  from 
A-B 

1. 

Station  A 

180"  00' 

00*  00' 

£. 

Ice  front  about  middle  of  glacier 

195**  60' 

15*  50' 

15*  50' 

(Same  as  No.  3,  Station  A) 

3. 

Point  on  ice  front  half  way  between 

middle  and  west  edge 

197*  04' 

17*  04' 

17*  04' 

CameiaQlaeier.  The  first  tribataiyvaUegr  on  the  east  side  of  VaUeaGlader  is  oeen* 
tNat.  Gcog.         yoL  ZX,  1910,  |»p.  7,    11.  aad  ft. 
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pM  by  tlie  CnucU  GlMier*  whSA  k  d«tadifld  fram  the  main  iee  tongue,  as  already 
■tatcd.  BotwaentliitlofiiMrtifimtHyandtlieTaUflaGlaciwisati^^ 

into  which  the  VaUes  Qader  bnlgea  alil^tly  (Fig.  22)  and  this  depression,  one  or  two 
hundred  feet  deep,  sometimes  contains  a  marginal  lake,  like  the  Merjelen  See  on  the  bor- 
der of  tlie  Aletsch  Glacier  in  Switzerland.  At  the  time  of  our  \nsit  in  August,  1909, 
there  was  no  lake  present,  but  the  numerous  stranded  icebergs  attested  its  recent  pres- 
eiice»  the  fact  that  these  icebeigs  had  not  melted  and  that  some  of  them  rested  upon  last 
irintn^a  anowbaiilEa  ahowriog  that  the  lake  had  cadated  in  the  spring  of  1900.  The  bke 


Ae.  Ml  TrnjamoMKm  ok  Vmmt  or  YAiaaa  Quam  di  IMQl 
flDT  loestiM  of  statiflns  A  sad  B  sm  V|(.  tt. 


aeaipied  a  triangular  area  of  oeai^half  a  aquara  mQe  and  probacy  received  part  ct  Ha 
water  from  a  stream  isstung  from  Camida  Glacier  and  part  from  the  marginal  drainage 

«f  Yaldea  Glacier  itself.  The  Uke  possibly  forms  every  spring  or  winter,  when  (^bcial 

advance  and  freezing  closes  crevasses  and  sub-glacial  channels*  and  drains  again  early 
in  the  summer  through  a  submarginal  channel.  That  the  draining  of  the  lake  of  1909 
had  been  completed  in  August  is  shown  by  the  icebergs  (n.  XCVl)  in  the  picture  re- 
produced here. 

This  detached  tr{b«itar>',  whkh  is  three-eij^ths  of  a  tnifo  wide  and  has  one  south 

>  Named  for  the  late  L.  S.  Camida  ol  Valdez,  whose  valuable  obaerratioiu  on  Valdex  Glacier  have  alresil^ 
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tribuftaiy  eMcading  oat  of  a  lolly  haagiiig  vaU^ 

a  stream  emerges  ticm  an  ioe  osve.  About  two  milas  60111  tho  edge  of  Valdet 
Glacier  the  clear  ioe  begmi^  and  fheaoe  eastward  to  the  summit  the  surface  ie  ban 

of  morune.  There  are  no  medial  moraines  but  there  are  broad  lateral  moraines, 
that  on  the  south  aide  being  widest,  partly  because  of  the  supply  from  the  cascading 

tributary. 

Surjace  of  VoUm  GtocMT.  The  surface  of  Vakki  Glacier  is  generaUy  clear  and  free 
from  moraine  except  along  tiie  margins  and  near  the  terminns.  It  is  moderately  cm* 
vassed  (FL  XCIV,  B),  but  melting  has  rounded  the  seracs  and  lednced  their  heii^tao 
that  the  crevasses  are  rather  broad*  and  none  of  them  deq».  One  can  make  fairly  eaqr 
and  rapid  progress  over  the  glacier  surface  by  winding  back  and  forth  between 
crevasses.  The  surface  is  made  up  of  coarsely-crystalline  ice  so  melted  along  the  crystal 
facet  for  the  upper  six  inches  that  it  is  granular  and  crumbles  as  one  walks  over  it 
Pieces  one  est  two  inches  square  can  be  picked  out  and  through  eadi  numeroos  holes 

The  lat»al  motiines  are  a  mere  veneer  of  dhiMy,  angular  debris  npon  the  anrf  ace.  In 
the  east  lateral  moraine,  where  the  ice  is  somenh&t  creyassed,  the  veneer  is  so  thin  that 
sheer  cliffs  stand  out  as  a  result  of  meltJng,  and  the  crevasses  are  only  partly  filled. 
Upon  the  lateral  moraines  and  the  debris-laden  terminus  are  numerous  lines  of  flat  stones 
whose  linear  arrangement  suggests  that  they  rq)resent  the  bottom  of  former  crevasses. 
Soma  of  liiBlinaBof  tfiwe  Mtwraise  depodts  now  stand  in  rcBef .  ThflM  are  also  nnmeroos 
oooes  near  the  tenninns  of  the  ^wkr  that  appear  to  be  piles  of  dirt  but  are  really  eones 
of  ioe  (FL  XCVII,  A),  very  thinly  veneered  with  fine  blade  state  leagments,  which  have 
protected  the  ice  and  kept  it  from  melting.  Some  of  these  are  six  or  eight  feet  hi|^ 
and  some  are  low  and  in  form  resemble  ant  hills.  Many  of  these  smaller  cones  are  also 
in  lines  and  suggest  moulin  deposits  along  the  bottom  of  crevasses.  There  are  oc- 
casional glacier  tables  where  flat  rocks  stand  upon  a  colimm  of  ice  which  has  been 
protected  ftom  melting.  Tlia  material  npon  the  glador  suifiBee  k  predominantly  slate 
and  grsgrwadK  of  the  VaUea  series  with  a  few  cqrstaOineroefcivSacli  as  might  come  fkm 
the  granitic  diorite  dikes  of  the  area  drained  by  the  glacier  and  its  tribataries. 

Front  of  Valdet  Glacier.  The  terminus  of  the  glacier  slopes  gently  (PI.  XCVIII,  A) 
and  is  continuously  dirty.  Near  the  eastern  side  two  rock  knobs,  each  over  a  hundred 
feet  high,  rise  at  tlie  edge  of  the  glacier,  being  the  only  rock  hills  exposed  away  from 
the  valley  walls.  East  of  these  the  largest  stream  emerges  and  the  lateral  moraine 
Is  wide^  wiiiie  to  the  west  a  Y-Aaped  area  of  dfibris-oovered  ioe  extends  far  op  the 
Racier.  The  west  lateral  moraine  is  also  broad  bnt  is  interrupted  by  llie  aren  of 
devassing  where  the  glacier  turns  sharply  at  the  bend  in  the  yallcy  less  than  a  mile  from 
the  end.  The  d6bris-covered  portion  of  the  terminus  is  narrowest  in  the  middle  of 
the  glacier  between  the  west  lateral  moraine  and  the  medial  moraine. 

The  streams  emerging  from  the  middle  of  the  glacier  front  in  1909  were  of  small  size 
and  there  were  no  good-sized  frontal  lakes,  though  there  were  several  small  ones.  The 
stream  <ai  the  west  aide  was  much  smaller  than  that  on  the  east.  ^niedrainagee!vident|f 
Aifts  back  and  forth  across  the  ice  fifont,  as  is  diown  by  the  abandoned  rti^ 
and  terraces  and  the  absence  of  vegetation  upon  the  ontwash  gravels  in  front  of  the  gla- 
cier. The  largest  stream  has,  however,  remained  on  the  east  side  of  the  glacier  since  1898; 
there  has  sometimes  been  a  stream  in  the  center  and  not;  and  the  stream  on 
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I    tkwMtaidehufiuctaaftediioUblyiBVoliiiM   Bvt  of  this  vaiutioB  is  dadbUeM  due 

I    to  fluctuation  according  to  the  season  of  the  year. 

I  Recession  of  the  Glacier.  Photographs  taken  in  1909  from  sites  occupied  by  Grant  in 
1905  and  1908  show  that  the  retreat  of  the  glacier  is  continuing,  as  is  also  shown  by  Dr. 

I  Camicia's  measurements.  Recent  retreat  is  ulso  attested  by  the  presence  of  detached 
ice  masses,  partly  covered  with  ablation  moraine  or  with  ouiwash  gravels,  some  distance 
<int.hom  the  ice  front  on  the  ipest  side^  And  ftt  sewn!  paints  near  the  center. 

ThCTe  is  no  continnoas  wcMsioiml  mowdne  in  front  of  tlie  VaMeK  GIndor,  Uie  4flS4pot 
ridge  projecting  from  the  eait  ride  of  the  vallt^,  three  quarters  of  a  mile  south  ol  the 
glader  (Fig.  SS)  being  n  lodc  spur.  West  of  the  center  of  the  glacier  there  is,  however, 
an  elongated  morainic  hillook  75  to  100  feet  high.  It  is  850  feet  from  the  ice  front  and 
extends  parallel  to  it,  the  site  of  Dr.  Camicia's  original  monument  and  of  one  of  our 
camera  stations  (C,  Fig.  22).  On  either  side  of  it  are  two  or  three  other  hillocks 
iBnuing  a  crescent.  This  monument  ridge  is  made  up  of  rounded  outwash  graveband 
of  angidar  aeratdied  bowlders  indtiding  many  oystalUne  rodcs,  some  of  them  laigi^ 
sod  seems  to  contain  no  ice.  The  knoOs  to  the  vest  are  diiefly  dissected,  outwash 
gravd  remnants,  while  some  of  those  to  the  east  still  contain  ice.  On  these  knoUs  are 
scattered  shrubs  ten  years  old  or  so,  indicating  that  the  year  1898,  when  the  pros- 
pectors report  some  of  these  knolls  uncovered,  a  condition  also  shown  in  photographs, 
was  soon  after  the  ice  had  left  the  monument  ridge.  Probably  it  even  later  abandoned 
some  of  the  hills  to  the  east  which  still  contain  ice.  The  rock  knobs  on  the  east  side  of 
the  Racier  have  caiy  ammal  plants  growing  u  pon  them  and  have  afip$iexdfy  been  unooT<- 
<nd  later  stSL  The  momrtvin  slopes  on  either  aide  of  the  Racier  also  have  a  barren 
strip  at  their  base  from  which  the  ice  has  recently  receded. 

OnticQJih  Gravel  Plain.  From  the  glacier  to  the  fiord,  a  distance  of  three  and  a  half  miles, 
extends  a  broad,  perfectly-developed  outwash  gravel  plain,  which  descends  sixty  feet  or 
so  to  the  mile.  It  is  made  up  predominantly  of  rounded  outwash  gravels  deposited  by  the 
glacial  streams,  and  has  a  high  percentage  of  slate  fragments.  There  are  practically  no 
large  bowUers.  Over  the  whole  surface  of  the  plain  there  are  numerous  diy  HinnnA 
and  tow  terrace  strips  between  dumnrfs.  This  outwash  i^ain  has  an  area  of  about  ten 
sqpMM  miles,  CXt^Hing  southward  to  Lowe  River.  The  actiVe  aggradation  by  the  large 
stream  from  the  eastern  margin  of  Valdez  Glacier,  locally  known  as  Glacier  River,  has 
built  up  the  gravel  plain  so  high  that  a  lake  is  held  in  between  the  outwash  gravel 

!    plain,  the  mountain  side  and  an  east-west  ridge  on  the  north  side  of  Lowe  River.  This 
is  Bobe  Lake,  which  is  over  two  miles  long  and  has  had  one  of  the  glacial  streams  flowing 

:  mto  H  01100  before  189S.  The  outlet,  Bobe  Biver,  leoehres  at  tribntiiiet  several  other 
glaeialstieeais  (FL  XCV). 

The  outwash  gravels  are  slumping  for  a  half  mile  from  the  ice  front  near  the  western 
valley  wall,  and  there  are  kettles  partly  filled  with  water,  showing  that  buried  ice  extends 
at  least  this  distance  out  from  the  \'isible  terminus.  East  of  the  center  other  areas  of 
slumping  show  buried  ice  beneath  the  gravels,  though  these  do  not  extend  so  much  as  a 
quarter  mile  from  the  termiuus.  The  persistent  nmaor  in  Alaska  that  ice  undcrUes  the 
whole  gravel  plain,  and  even  the  ute  of  the  town  of  Valdea,  and  that  it  has  been  readied 
by  wndb  and  pvdled  19  bj  1^  andiots  of  ditps,  is  iriiol^ 
not  been  able  to  find  any  defimte  evidence  of  its  truth. 
Near  the  glacier  there  is  no  vegetation  upon  the  outwash  gravel  plain,  except  iqpon  the 
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isolated  knolls  already  mentioned  and  upon  one  strip  of  elevated  outwash  terrace  vrliich 
has  been  immune  from  stream  oiuToachnicnt  since  before  1898,  and  upon  which  shrubs 
grew  at  that  time,  as  photographs  show.  East  of  this  terrace  there  is  no  part  of  the  out- 
wash  plain,  except  the  ifolated  gravd  knobs,  that  has  any  ahndba  whatever.  That 
fltieams  flow  ofver  emrj  part  ct  thii  lorfaoe  MMnetiiiie  dtucing  piaetieaUly  emy  jmt^  is 
indicated  by  the  fact  that  not  even  annual  plants  can  secure  a  pcrmaiieitt  foothold. 
One  small  strip  near  the  center  of  the  plain  that  liad  acatterad  ahrubi  in  18Q8  liat  ainoe 
had  them  destroyed  by  the  streams. 

The  above  conditions  apply  to  the  mile  or  so  of  outwash  plain  nearest  the  fjlacier,  where 
there  are  a  veiy  few  small  areas  of  scattered  shrubs,  but  the  next  mile  and  a  half  or  two 
milM,  llie  width  vaiying  in  diffcrant  parts  of  the  plain,  has  dbaolnlelf  no  VfigBUitiiMi 
ensept  a  few  annual  plants.  The  mQe,  or  thereabouts,  of  plain  nearest  the  fioid,  oo,  the 
other  hand*  has  a  pradominanc^  of  vegetation  cover,  diiefly  cottoowoods  and  aldo*, 
with  narrow  stream-channel  strips  eartending  through  the  forest.  There  are  trees  sev«tal 
feet  in  diameter,  indicating  a  long  period  of  immunity  from  extensive  and  continuous 
stream  encroachment  in  this  part  of  the  outwash  plain.  This  period  of  immunity  is 
apparently  now  at  an  end,  for  there  are  lanes  of  stream  channel  extending  through  the 
forest,  in  some  of  whidi  the  trees  have  been  ranoved  while  in  others  the  dead  trees, 
40to50feethigh,stiOstandupri|^t.  The  northern  maigin  of  tliisforert  is  made  op  of 
long  points  of  txee  growth,  extending  np  the  plain  toward  the  i^beier.  That  this  ifaiger- 
like  inner  margin  is  a  condition  due  to  the  destruction  of  forest  rather  than  to  advanw 
of  trees  is  suggested  by  the  recent  killing  of  mature  coltonwoods  which  had  grown  to  a 
diameter  of  two  or  three  feet  far  up  on  one  of  the  points.  That  all  the  forest  has  not  been 
removed  by  the  streams  may  be  due  to  lack  of  time,  the  streams  possibly  now  being  more 
active  again  after  a  period  when  the  glacier  was  farther  back  than  now.  Or  it  may  bo 
due  to  the  fact  that  the  streams  have  booome  entrenched  in  the  gravels  at  other  points 
as  far  as  this  down  the  outwash  plain  and  wiiile  they  persist  there,  vegetation  thrives 
elsewhere.  Sometimes  the  streams  do  leave  these  channels  and  mow  down  a  section  of 
forest,  as  during  the  floods  in  1905  when  trees  were  uprooted  or  smotliered,  and  even 
houses  washed  away  in  the  town  of  Valdez.  The  forest  advances  farthest  toward  the 
glacier  in  the  eastern  side  of  the  outwash  plain  where  the  largest  stream  has  flowed  ever 
since  1898,  and  where  now  many  of  the  stream  channels  extend  down  through  the  forest. 
We  are  at  a  loss  to  aoooont  for  this  peculiar  distributioa  of  tree  growth  on  the  Yaldes 
Glacier  <Hitwash  gravd  plain,  thou^  it  is  possible  that  the  point  of  outflow  of  the  largest 
^adal  stream  varies  from  time  to  time^  the  latest  point,  since  1898,  being  on  the  eastern 
side  and  the  stream  from  it  still  being  engaged  in  raising  the  dqnession  of  Robe  Lake 
to  the  level  of  the  previously-deposited  central  part  of  the  plain. 

Former  Advance.  The  re<'ency  of  retreat  of  Valdez  (Glacier  from  the  latest  notable 
advance  is  proved  by  the  distribution  of  vegetation,  the  clearness  of  grooving  on  the 
vallqr  walls,  and  the  streams  cascading  down  the  mountain  rides  as  yet  little  entrenched 
in  gorges.  The  possibility  of  retreat  of  the  £^ader  from  this  foraur  stand  to  a  pcxnt 
even  farther  than  at  present  is  suggested  by  the  vegetation-covered  talus  dopes  on  the 
west  side  of  the  valley,  of  which  the  ones  nearest  the  glacier  began  to  be  underent  1^ 
glacier  and  streams  before  1898,  so  that  part  of  the  vegetation  ha.s  l>een  removed. 

At  the  maximum  of  glaciation  the  main  ice  current  of  Valdez  Glacier  seems  to  liave  been 
forced  over  to  the  west  wall  by  the  thrust  of  the  Corbin  and  two  other  tributaries  from 
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ttt  vmlleys  to  the  oMt.  Tlie  west  waU  is  oonseqimitty  ovvHtMpened  by  glaeSal  «^ 
iq>  to  1500  ieet  or  mom^  iHilIe  on  the  east  aide  a  ioog  nek  spur  three  quarters  ol  a  mile 
sovtli  ol  die  Racier  was  not  oonqilelely  lemoved*  nor  the  minor  rock  knobs  whoOy 
cmaed.  Even  on  the  eastern  side,  however,  glacial  erosion  has  oversteepened  the  vaDey 
notably,  lea\nng  three  valleys  hanging  above  the  main  valley.  Corbin  Glacier  and  the 
one  north  of  it  end  within  their  hanging  valleys,  while  the  northemmojst  glacier  still 
cascades  out  over  the  lip  of  its  lianging  valley.  It  is  not  known  what  the  relation  is 
between  the  Valdez  Glacier  and  Lowe  River  valley,  for  their  bedrock  bottoms  are  com* 
jletdjy  boned  beneatii  tbe  ootwadi  gravds;  but  it  is  snspeeted  that  Yaldea  GkMasr  was 
At  aaster  ioe  tongoe  and  tkat  Lowe  Birer  TaUej,  whicb  at  present  has  no  glacier,  haa^ 
above  it. 

Thb  Shoup  Glacsbe 

Qtneral  Description,  The  Shoup  Glacier,'  at  one  time  caUed  Canyon  Creek  Glacier^ 
eiitors  Port  Valdet  jnst  north  of  VaUes  Nanows*  terminating  n  little  over  two  miles  bade 
from  the  main  fiofd.  It  has  been  erraoeoiuly  lepreseuted  upon  aeveral  maps  *  as  made 

up  of  two  ^aciers  which  coalesce  two  miles  from  the  terminus.  As  a  matter  of  fact  there 
is  no  west  tributary,  but  the  Shoup  Glacier  is  of  a  peculiar  S-shape  (Fig.  24).  It  comes 
from  an  unknown  source  in  the  Chugach  Mountains,  perhaps  heading  on  a  through 
glacier  pass  with  the  west  arm  of  Valdez  Glacier,  in  a  region  characterizt^l  by  S<  hrader 
as  "  a  waste  of  glaciers  and  n^v^."  It  flows  southwest  for  an  unknown  distance  and 
then  beads  sharply  southeastward  around  a  r|gfat-an|^  elbow  (R.  XCVm,  B)  where, 
1000  Ieet  above  sea  level,  it  is  a  little  over  a  half  mile  wide.  Bdow  this  point  it  expands 
to  a  mile  and  a  quarter  and  flows  to  the  sea,  where  its  terminus  is  three  quarters  of  a 
mile  wide.  The  mountains  rise  to  heights  of  fn)m  4000  to  6000  feet  near  the  glacier,  and 
the  valley  walls  ascend  precipitously  from  1000  to  3000  feet.  There  is  an  ice  cascade  at 
the  elbow,  below  which  tlie  glacier  slopes  smoothly  nearly  to  the  water's  edge,  and  there 
descends  steeply  again.  It  descends  1000  feet  in  the  lower  five-eighths  of  a  mile,  500  feet 
ef  it  In  the  last  quarter  milaaad  too  to  800  feet  in  the  tenninalkse  Ian.  Iheglader 
gives  an  iniptesriom  of  ending  on  tiie  roek  Hp  of  a  *»*«g*"g  valkgr,  thou^  its  tenninus  is 
probablyonttie&ceof  a  stq>  in  the  main  valley  Ixrttom.  The  weetcm  half  mile  of  the 
Racier  front  ends  in  the  bay,  though  in  very  shallow  water,  while  the  eastern  quarter  mile 
has  a  delta  of  outwash  gravels  and  clay  in  front  of  it.  ITiis  delta  is  an  eighth  of  a  mile 
wide  at  high  tide  and  tlirec-cigliths  of  a  mile  at  low  tide.  Across  it  flows  one  branching 
glacial  stream  from  the  eastern  side  of  the  glacier  and  a  smaller  stream  from  the  hang* 
ing  valley  of  Canyon  Creek,  which  terminates  in  a  lip  a  thousand  feet  above  the  fiord. 

Botk  ledges  diow  beneath  the  leader  at  one  point  bdiind  the  delto  and  attwopointo 
in  the  tidal  front  (Fl>  Q  A).  Near  the  western  edge  the  basal  liters  of  eoqtosed  ice 
(PI.  XCIX)  are  dirt-laden  and  simulate  rock  ledges,  though  no  rock  was  yet  cacposed  there 
in  1909.  This  part  of  the  ice  front  reaches  tidewater,  but  icebergs  are  no  longer  dis- 
charged except  by  tun!h!in<r  down  the  precipitous  ice  front,  and  tlie  western  half  of  the 
glacier  is  apparently  ju^t  about  to  cease  to  be  tidal.  The  water  is  so  shallow  that  gravel 
talus  cones  arc  formed  along  the  western  edge  of  the  ice  margin. 

I  See  Chart  8521  and  8519,  U.  S.  Coaat  and  Geod.  Sarv^. 
•Mkys  10  aed  fl,  INMotidb  Amu  Bept,  U.  S.  GaoL  8nnf«y.  Part  yil.  19W^ 
ZXY.  War  Dipi,  A4M3«b.  OBm^  ISOO. 
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Shoap  Glader  i«  aemvty  cimMed  on  Una  teni^^ 

gentler  slope  above  it  (PL  XCVIII,  B)  as  far  back  as  the  ice  fall  at  the  elboir  m  ibfb 
glacier.  TTie  front  of  the  glacier  is  conspicuously  free  from  d&ris-laden  layers  except 
in  the  basal  portion  just  mentioned.  On  the  surface  there  are  no  medial  moraines  and 
there  is  no  lateral  moraine  on  the  eastern  side,  excepting  below  tlie  elbow.  The  west 
aide  has  a  broad  lateral  moraine  above  the  terminal  ice  fall,  but  this  dirt  and  stone  dxar 
appears  in  the  cwviiweiao  that  cicept  In  iiiebottoitt  ice  tiM^ 
on  either  margin  at  sea  levtL 

Ohnenations  by  Schroder  and  Grant.   As  already  stated,  the  Shoup  Glader  WBi  not 


Wm.  §L  Sdbcb  Map  or  Shoop  Gukom  a  19M. 
Owing  to  SB  aeddat  to  the  fautrumeat  mti  there  are  iHglit  erron  fa  cletaUant  sad  Artaacat. 


seen  by  Whidbey  in  17D4,  and  we  know  of  no  observations  by  the  Russians  who  entered 
Port  Valdez.  F.  C.  Schrader  visited  and  photographed  it  in  1898  and  £uiil  Mahlo  first 
ahowBd  it  upon  «  map*  but  irHh  the  bSJveatkm  already  anuded  to.  Sehndtr  hAtlBj 
described  the  ^ader  in  «  U.  S.  Geological  Stwegr  rqMHrt^  One  of  his  pliolograplis  of 
the  use  firant,  taken  from  a  rocky  knob  on  the  mst  aide  of  the  bay  (Photo.  Station  A), 
shows  the  exact  conditions  in  1898  and  may  be  compared  with  photographs  from  the 
same  site  by  the  Coast  Survey  in  1901,  by  Grant  in  1905  and  1908,  and  by  the  National 
Geographic  Society's  jmrty  in  1!)09  and  1910, 

1  See  diacuaaion  of  Can^'on  Crcek  Glacier  valley  in  A  Reooooausaoce  of  s  Part  of  Prince  William  Souxkd  and 
the  Copper  River  Diitrict,Alaaka,  in  1808.  Twentieth  Ann.  Bcpt^ 
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In  July,  1905,  Shoup  Glaciar  wis  virftod  GtmA  iHmm6  deacriptioiis,  photographic 
and  maps  ^  indicate  that  two  kige  rocks  wen  then  bong  exposed  by  tbe  ratrettt  ci  tiM 
l^aekr  tluit  were  not  niriUe  four  years  before.  Along  the  sides  of  the  glacier  there  was 
a  broad  space  of  bare  ground  free  from  soil  and  vegetation,  and  the  whole  aspect  of  the 
glacier  indicated  that  it  was  retreating.  On  July  13,  1008,  Grant  and  Higgins  found 
that  tbe  front  was  in  practically  the  same  position  as  on  July  4,  1905,  as  was  also  the 
,    case  on  June  16, 1909. 

The  ttatcmnit  by  QtuA  that  the  two  large  rotkM  not  visible  in  1901  wwe  htiag  es- 


Fm.  U.  TaiAiraciAxioir  ox  Wmom  or  Saour  Gi^ma. 


posed  in  1905»  is  of  intsnit  in  vkm  ol  tha  faet  that  in  1896,  these  ledges  mn  alna4f 
e^NMed,  aa  shown  by  Schmder'i  iihotograpK.  Naaity  five  timet  aa  mneh  of  the  laiger 
lock  abowed  in  1905  as  in  1898.  In  1908  the  two  areas  of  exposed  rock  ledges  wore  noailj 

connected,  the  smaller  or  westernmost  being  of  about  the  same  size  as  in  1898  and  1905 
while  the  larger,  east,  rock  ledge  was  a  little  longer  and  higher  in  1908  than  in  1905.  The 
progressive  enlargement  of  the  rock  ledge  areas  between  1901  and  1905,  and  from  1905 
to  1908,  seems  to  indicate  slow,  though  uninterrupted  retreat  during  these  years;  but 
the  fact  that  no  ledges  wws  visible  in  1901,  while  two  ledges  were  visible  in  1898  and 
1905  suggests  a  sHi^t  advance  of  Shoup  Glader  between  1896  and  1901.  Further  evi- 

>  In  H.  F.  Rdd'a  Vamtiaos  of  Ghcun;  Joom.  Geol..  VoL  XIV.  190S.  p.  400;  Vol.  XVII,  IMS.  p.  870. 
Gwmt,  U.  S.  and  P.      Olsdw  «f  tbs  Nm  IImii  ii  Bwt    Prinw  WISam  SoaadL  IML  Amst.  Qmjg, 

8oe«  VoL  xui.  If MH  vM-rar. 
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denoe  of  this  advance  ia  §oiuad  in  a  oompariaon  of  tiw  ^reatam  maigiii  of  tho  gladar  in 
the  photognpha  taken  fran  tbe  aame  aite  in  1886  and  1805.  The  latter,  hy  Gnnt» 

shows  the  ioe  edge  a  abort  distance  farther  west  than  in  the  1808  picture  by  hr  ider. 
This  advance  is  also  proved  by  other  observations  made  in  1909,  described  below.  Un- 
fortunately Schrader's  photograph  does  not  extend  far  enough  for  us  to  compare  the 
eastern  marj^in  of  Shoup  Glacier  in  1898  and  l!)(i5.  A  comparison  of  Grant's  1905,  1908 
and  1909  photographs  of  the  two  margins  shows  little,  if  any,  retreat  of  the  two  edges. 

Ob§0natUm»  by  ths  Natkmal  Oeographie  Ams^'a  EtpMumt.  The  National  Geo- 
grapiiio  Sodety'a  enpeditiona  apent  Auguat  18  and  £0, 1808,  and  part  of  Septenber  €^ 
1810,  in  a  study  of  the  Shmqi  Glacier,  examinations  being  made  of  the  eastern  margin, 
the  center  of  the  ice  front,  and  the  southwest  margin  for  some  distance  back  from  the 
glacier  front.  Photographs  were  taken  from  the  site  occupied  by  Schrader  and  Grant 
(Photo.  Station  A).  The  changes  since  Grant's  last  observations  have  been  ina|)i)re- 
ciable.  The  topographic  map  reproduced  as  Fig.  24  was  made  in  1909  and  bench  marks 
were  eetablished  on  Photo.  Station  A  and  also  on  a  point  on  the  hiSaide  to  the  ireat 
(Statkm  CO  from  iriiidi  tnaiait  leadinga  were  made  aa  dunm  in  Fig.  88.  It  ia  hoped 
that  lUnie  obaerveia  may  lepeat  the  tianait  nadinga  from  tfaeae  atalkoa. 

Tnmml  Reaimg§»  Tranait  leadingB  feom  Stationa  A  and  C,  Shoiq»  Glacier,  Aagort 

20,  1908.  Station  A  is  an  X  on  a  rock  on  top  of  the  first  prominent  apur  aontii  of  the 
glacier  on  mrt  aide  of  Shoiq>  Inlet  at  an  elevation  of  100  feet. 
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8.  Ftojecting  point  of  l^acier  at  first  bend  back 

of  glacier  front  on  east  aide  of  glacier  near 

stream  outlet 

167*  48' 

387*48' 

JM"  1«' 

4.  Southern  point  of  glacier  front  on  wnat  side. 

(Same  as  No.  2,  Sta.  C) 

89'  10' 

269*  10' 

90*50' 

8.  Ifortweatan  point  of  Racier 

88*86' 

888*86' 

96*04' 

Station  C  k  an  X  on  »  hovlder  kcaled  on  Ihe  eaat  aide  of  Shoup  Inlrt  at  an  elevatn 
of  ISO  feet  above  the  fiord,  and  on  the  fint  huge  apur  aoath  of  the  glacier  front  ckiae  op 
to  the  edge  of  the  thick  alder. 
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Fomm  Expannon,  There  is  proof  of  f<winer  expansion  of  Sboup  Glacier  from  striae, 
rodiw iiioatoiuifa8,ete.;b<itao far  Mire liAvtegy^ 

ntnal^ifillitheeiieeplMnof  thedi^tadviM  Without  knowledgt 

«f  thii  neent  lonmd  swing,  Um  htA  of  the  advance  was  established  in  1909  by  the  dis- 
COVOy  of  a  recent  moraine  along  the  aouthwestern  margin  of  the  glacier.  For  the  first 
half  mile  back  from  the  shore,  there  was  a  minute  moraiiiic  ridge  winding  up  and  down 
tiie  hillside.  It  was  from  five  to  twenty  feet  from  the  glacier  margin  and  was  made 
np  of  angular  fragments  left  by  the  receding  glacier.  There  was  wood  in  the  debris  and 
the  atones  at  tiw  edge  lay  upon  dead  aliniba  whose  neighbors  were  stiU  grawiag.  In 
some  places  there  was  s  d^nesrion  between  the  mondne  and  the  gtadsr.  Evidently  a 
sli^t  advaaoe  had  interrupted  the  recession  and  the  width  of  the  baim  lone  indi- 
cated tho  amount  of  retreat  .since  this  recent  advanro. 

During  the  more  expanded  ancient  condition  of  the  glacier,  a  group  of  barren  rock 
hills  farther  north  had  been  scraped  clean  of  all  soil  and  enxled  into  a  series  of  roches 
moutonn6es  forms  and  rock  basins,  aeveal  of  which  contained  lakes.  The  ice  had  re- 
treated from  these  barren  hiDs  not  kng  before  the  dight  advance  alluded  to,  hut  vegeta* 
tion  was  finding  a  foothold  tkmfy.  Across  this  group  ci  banen  hiDs  the  small  recent 
■maane  extended  in  a  sinuous  course,  and  between  it  and  the  iee  there  was  as  yet  almost 
no  vegetation.  Beyond  these  rock  hills  the  area  of  recent  overriding  could  be  traced 
for  several  miles  by  the  narrow  barren  zone  between  the  little  moraine  and  the  glacier. 

Evidence  of  the  amount  of  time  that  has  elapsed  since  the  earlier,  much  more  expanded 
position  of  Shoup  Glacier  is  found  in  the  distribution  d  forest  on  the  neighboring  hills. 
Willow,  alder  and  oottonwood,  mature,  but  pedupe  not  more  than  twenty  or  thirty 
years  old,  grow  almost  up  to  the  vwy  edge  of  the  glacier.  Scattered  qnuoes  are  found 
within  a  mile  or  so  of  the  glacier,  but  tliere  is  no  mature  ooniferous  forest  at  the  ice  firont* 
as  in  the  case  of  Columbia  Glacier.  Outside  Shoup  Bay,  near  sea  level,  scattered  spruce 
extends  u]>  Valdez  Fiord  as  far  as  Valdez,  but  higher  on  the  mountain  slopes  none  is 
found  beyond  the  entrance  of  Shoup  Bay.  There  is  more  spruce  on  the  south  than  on 
north  dde  of  Port  Valdez,  and  on  the  west  than  on  the  east  side  of  Shoiq>  Bay. 

During  the  maximmn  of  gladation,  when  the  CKtcaded  Shoup  Glader  received  a  trib- 
utary from  Canyon  Credc,  the  main  Shoup  ioe  stream  over-deepened  its  valky  so  mndi 
that  it  left  Canyon  Creek  hanging  1000  feet,  though  its  erosion  did  not  extend  so  tax 
as  to  remove  the  knlges  beneath  tlie  ire  fall  whore  the  glacier  front  now  rests;  nor  did 
it  succeed  in  completely  erasing  the  three,  alternating,  truncateii  si)urs  that  project  into 
the  bay.  WTien  Shoup  Glacier  was  tributary  to  the  main  Port  Valdez  Glacier,  however, 
that  larger  ice  tongue  deeply  eroded  the  main  fiord,  leaving  the  Shoup  vallqr  itself  hang- 
ing 480  feet  This  disooidano^  masked  by  tiie  waters  of  the  bay,  is  doM^y  dunm  in 
Fig.  26  where  tlie  greatest  depth  inside  Shoup  Bay  is  seen  to  be  45  fathoms,  iriiile  the 
depth  outside,  in  Port  Valdez,  115  to  142  fathoms.  There  is  a  striking  contrast  between 
this  submerged,  hanging  Shoup  Glacier  valley,  the  largest  tributary  of  the  ureat  glacier 
that  formerly  extended  down  Port  Valdez  from  the  \'n](lez  Glacier  iiiid  lyowe  River 
valleys,  and  the  visibly  hanging  valleys  of  the  smaller  glacier  tributaries,  whose  posi- 
tions aie  inificated  in  Figure  86  by  tiie  letter  h.  In  the  month  of  eadh  of  these  hanging 
vilkya  a  steqp-flided,  post-ghKoal  gorge  has  been  cut,  or  a  foaming  waterfall  descends, 
asfrom  Canyon  Creek .  The  different  levels  of  the  hanging  valleys,  and  thehi|^y  perched 
Csayon  Greek  valley*  hanging  with  reference  to  Shoup  Bey,  as  that  haagi  wiUi  refer> 
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ence  to  Port  Valdez  Fiord,  testify  to  differential  ice  erosion.  The  heights  at  which  the 
valleys  hang  are  roughly  proportional  to  the  size  of  the  glaciers  which  occupied  them 
and  to  the  power  of  the  glaciers  whose  erosion  left  them  hanging. 

Just  after  becoming  detached  from  the  Port  Valdez  Glacier,  Shoup  Glacier  seems  to 
have  halted  at  the  mouth  of  its  bay,  and  to  have  spread  out  in  a  small  piedmont  bulb 
long  enough  to  build  a  submarine  deposit  at  the  lip  of  its  hanging  valley;  for  here  the 


FlO.  26.     SUBMARINB  CONTOUBS  OT  PoRT  VaU>CZ. 

After  U.  S.  Coast  and  Geodetic  Survey.    Soundings  in  fathoms.    Contour  interval  100  feet. 

Hanging  valleys  shown  by  the  letter  h. 


water  now  decreases  in  depth  from  forty -five  fathoms  within  the  bay  to  one  or  two  fathoms 
just  outside  of  it.  This  shoal  at  the  bay  mouth,  and  tlie  sandspit  upon  it  could  hardly 
have  been  built  in  water  45  to  68  fathoms  deep  had  not  a  morainic  foundation  been 
provided;  and  it  is  noteworthy  that  the  deposit  is  just  so  located,  and  of  just  such  shape, 
as  a  bulb  glacier  would  build  up  here.  After  this  period  of  halting  Shoup  Glacier  seems 
to  have  retreated  fairly  steadily. 


II  II  1  I   1  I  I  i  wus. 

Fia.  27.   Natural  Scalb  CBoeB-SEcnoN  or  Port  Valdez. 
Glaciation  of  Valdez  Fiord 

It  is  evident  that  the  entire  Valdez  Fiord  has  been  at  a  former  period  deeply  filled 
a  great  glacier,  tributary  to  the  Prince  William  Sound  glacier.  We  made  no  determina- 
tions of  the  exact  height  to  which  this  glacier  extended,  but  Grant  and  Higgins*  estimate 
the  height  reached  on  the  south  side  of  Port  Valdez  as  about  3200  feet. 

As  already  stated,  there  are  several  visible  hanging  valleys  on  either  side  of  the  Port 

'Grant,  IL  S.  and  Higgins,  D.  F.,  Bull.  44S.  U.  S.  Geo!.  Survey,  1910,  p.  19. 
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Valdez  Fiord,  which  testify  to  great  glacial  over-deepening  of  the  main  fiord.  The  detailed 
topographie  mip  made  by  the  U.  8.  Geological  Survey  in  1011  and  the  soundings 
In  Port  Veldei  by  tin  U.  8.  Goert  end  Geodetic  Survey,*  Iram  wUdi  Fig.  08  bet  bM 
made,  show  a  number  of  features  diarecteristic  of  a  trough  widened  and  deepoied  by 
glacial  erosion.  Above  sea  level  the  steepened  lower  alopes  and  the  absence  ol  spurs  show 
the  work  of  the  former  expanded  ice  tongue.  Below  sea  level  the  trough  characteristic 
of  the  fiord,  a  flat-bottomed,  U-shaped  form  ^ig.  27),  ia  exactly  that  ol  ice-eroded 


Aflat  U.  8.  Coast  and  Gsodslle  Snrvagr.  SooMlingi  ia  bthotts.  GoatMor  iateval  oa  ^  had 


TaOeys  on  the  land.  There  are  no  known,  uueroded  lateral  spxxTs  below  aeeleveL 
Ttoe  are  levenl  aabmeiged  hanging  valleys  beridea  Shoop  Bay,  Saiwn^  Bey  bang- 
iag  1150  feet  (Fig.  SB)  and  Galena  Bi^r,  norCb  of  EUamar,  MOleeL 

In  the  narrowest  part  of  VaUei  Narrows  the  fiord  walls  below  sea  level  bttve  llopes 
ol  SMO  feet  to  the  inilek  and  even  more  in  places.  Her^  «diere  the  ioe  etieam  was  moat 

t  CMi  ana  and  am,  U.  a  Coast  and  GMd.  flamgr. 
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constricted,  and  might  have  moved  fastest  and  eroded  most  efficiently  there  is  a  reef 
in  nudduumd  (Middle  Bode)  wliidi  was  not  vemovied  by  gladal  moAm^  and  'wbaek  bm 
jnat  above  sea  lev«l  at  all  rtages  of  tide.  The  oontoiin  (Figi.  £6  and  88)  diow  tliat  the 
part  bdow  sea  level  has  the  lypieal  roches  moutonn^es  form  with  the  gentler  slope  on 

the  side  from  which  the  ice  came.  South  of  it  the  fiord  bottom  is  basincd,  probably 
by  glacial  erosion,  and  similar  basining  is  also  developed  north  of  Valdez  Narrows  where 
the  whole  of  the  inner  Fort  Valdez  is  700  to  800  feet  deep  in  contrast  with  400  to  600 
feet  at  the  Narrows.  Outside  the  Narrows,  also,  Valdes  Ann  seems  te  be  hasined,  for 
the  fibid  is  ISOO  to  1S50  feet  deep  but  separated  fkom  outer  Prinoe  William  Soont  Iqr 
«  Iwoad  iOlK-fbot  baniflr  between  Ft.  Freemantle  and  Bligh  Island.  This  may  be 
^ther  a  submerged  moraine  or  an  uneroded  reef.  Galena  and  Jack  Bays  also  have  a 
basined  character  which  may  be  ftiplained  either  by  bottom  depoflits  <v  by  diffawntiai 
glacial  erosion. 

So  far  as  known  there  are  no  submeiged  moraines,  except  the  one  at  the  entrance  to 
Shoup  Bay.  How  much  the  fiord  was  filled  by  glacial  deposits  is  not  Imofwn,  bat  tfe 
ddta  at  the  head  of  the  jfiotd,  buiH  by  the  streams  on  the  ontwaeb  plain  in  front  of  Va 
Glacier  and  by  Lowe  Biver,  has  doubtless  encroached  considerably  upon  the  ice-eroded 
fiord  and  is  still  advancing  at  a  rapid  rate.  Possibly  also  the  flat  floor  of  the  fiord  has 
been  in  part  produced  by  glacial  deposit.  The  fine  mud  and  silt,  shown  on  the  Coast 
Survey  chart,  slopes  only  about  50  feet  to  the  mile  after  leaving  the  ste^  descent  of 
the  submerged  delta  front  near  the  town  of  Valdez. 
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IVvrt  XCIX 


A.    Front  ok  Valhez  GuxaER 
PLotoeraph  by  P.  >.  Htitit.  from  Stalion  ('  (Fig.  ii),  June  21.  1909. 


B.    Shoup  Gi^^i  iku  rnoM  Soctiuvk-stern  Maruix 
Pln'l«)gTsil)h  from  Sljiliwii  I)  il  ig.  ifl;.  .\iigiist  20,  1909. 
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Thk^U)m  kic  Portion-  of  C'*>u-Mni.\  (il.\(-ier 
Showing  Ihc  City  of  Wjisliington,  plutUil  on  ihe  same  stjiIc. 


by  Google 


Plate  CI  I 


B. 


Wkst  MAWiiN  or  (.'tn.lMUI.V  (iuvciKH 
i>graph(il  l)y  Gillx-Tl  in  1899  itip|HT  view)  and  hy  tlie  NaliunAl  Gcogra|jhk-  Siicioty's  expedition 
in  1909  (lowtT  view  ),  fri»m  Photu  Statiun  G,  during  the  recent  advance. 
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Plate  CIII 


Wf»TEH.\  M.M«;iX  OF  CoLVMBIA  GlacIKR 

Encroi»clung  upon  Ihc  forest    August  iS,  IdOO. 
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Plate  CVI 


A.      I'UONT  (IK  (  (II.IMIJIA  CinrlKIt  IN  1X1)9 

On  islet  north  of  Heather  Isiuml.    l*h«*lugru|ih  liv  Ci.  K.  (iillx-rt,  from  Stuttou  D  iMup  6).    tfcc  also  Plate;}  iSVn 

un.KVin. 


B.   Ji-mbij:  of  Forest  Dkdris 
In  front  of  the  (bJvancing  Culutiibia  Glacier  on  the  iiilet  north  of  Heather  Island,  June,  1910, 
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A.   Fbont  op  roLi'MBiA  Glacter  in  1905 
On  islet  north  of  Heather  Island.    Photograph  hy  Grant  and  Paige,  July  10,  1905,  from  Station  I). 


B.   Front  of  CoLcstBiA  Gl.\cier  in  1908 

On  islet  north  of  Heather  Island.    Photograph  by  Grant,  July  15,  1908,  from  same  site  as  upper  view.    Sec  aL>o 

Plates  CVI,  A,  and  C\1II. 


Pl.\TE  (  VllI 


B.      l  n<t\T  OK  ('nt.l  MniX  (;i.Vi  IKK,  AUGIST,  1909 

On  isK  t  north  of  lU-uthiT  Nlinnl.   I'fnUiijp-apli  from  a  p  ant  <  los«-  to  Slntion  D.  See  also  Plutca  (  "VI.  A,  an«l  <  VII 
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Advancing  and  pujihing  up  a  tennina]  muraine,  July  ii,  1910. 


Advancing  an<i  piuhing  up  a  moraine  and  overriding  fun.-»(  on  isk-t  north  of  Heather  bland,  July  0,  1910. 
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A.     COLUMBU  GUVCIER  Di  1909 


B.     COLI-MBIA  Gl.\CIER 

Advancing  into  forest,  overturning  trees  and  sho\'ing  up  b  moraine,  August,  1909. 
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Columbia  Gu\cier 

On  Au^st  23,  1909,  June  0,  1910,  and  Soptomhor  .5,  1910.  Advance  is  rapidly  nnrrownng  iho  lagrion. 

From  I'hoto  Station  N  (Fig.  Sij. 

d  by  Google 
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A.     TkKMIWI.  MoltAIVK  WITH  KnoILS  AM)  KKm-t:.s 

At  cftstt'rn  nmnnn  «-f  (  olunilMB  (Jhwii-r.    Pbotograph  l»y  L'.  S.  (Jrant,  June  H,  1909,  fpnm  Station  B  (Map  6). 


B.    Meares  Gl.\cier  and  Mount  Grosvenor 
At  iLc  bead  uf  I'nakwik  Inlet.   Frum  Phutu  SUtiun  C  (Fig.  37),  July  IS.  1910. 
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THE  COLUMBIA  GIACIEB 

LoeaHon  and  General  Relaiionskips.  Glacier  Island,  which  fomis  the  western  border 
dt  the  entrance  to  Valdez  Arm,  lies  directly  in  front  of  Columbi.a  and  Long  Bays  on  the 
north  shore  of  Prince  \Mlliam  Sound.  Columbia  Bay  is  about  three  and  a  half  miles 
wide  at  the  entrance*  but  broadens  to  five  miles  inside,  and  contains  Heather  Island  and 
several  ukfti.  At  the  head  of  the  bay,  five  milet  ham  the  entianoe^  ii  the  CehunUa 
CUacier.  Li  enter  Cohmihia  Bay  the  water  wbetareenimiehiii^^ 
deep,  decreasing  to  six  hundred  feet  near  the  {Racier.  The  adjacent  mountains  rise  from 
8500  to  5000  feet.   Columbia  Bay  is  a  broader  and  loss  imposing  fiord  than  Port  Valdez. 

Erptorations.  The  Columbia  Glacier,  which  has  also  l>een  called  Live,  Root,  and 
Frcmantle  Glacier,  was  seen  from  the  mouth  of  the  bay  and  indicated  roughly  upon  a 
map  by  Whidbey  in  1794,^  Applegate  in  1887,*  Mahlo  in  1898'  and  Schrader  in  1900* 
WUdbcy'a  nap  auggesta  that  the  ^ader  ended  a  ihoit  distanoe  north  ol  Heatiier 
Uand  in  17M  but  doee  not  diatmgiiidi  the  leader  famnth^  Appkgate'a  map  lep- 
MMnts  the  ioe  front  in  about  the  same  position  with  respect  to  Heather  Island.  Mahlo't 
map  does  not  show  Heather  Island.  Schradcr's  map  shows  a  small  island,  but  like  the 
other  tliree  does  not  represent  the  ice  front  witli  suffit  ient  accuracy  for  comparison  as 
to  glacier  movements.  The  only  fact  indicated  by  these  maps  is  that  the  glacier  was  not 
strikingly  different  in  the  years  of  observation  between  1794  and  1900. 

Yaneoaver'teDsof  the  ocmfitiona  in  1794,  when  VVhidbcy  saw  CohmilmGhMier  from 
near  the  mouth  of  Long  Bay,  east  of  whidi  was  "anortber  \mj  of  rather  large  dhnennoni, 
with  an  island  in  its  northeast  comer  .  .  .  terminated  by  flolid  body  of  compact 
elevated  i'^-c,  simnar  to  that  wliich  lias  hwn  Ijcfore  descrilxMl  .  .  .  ;  as  they  passed 
the  eastern  hay  they  again  lieard  the  thunder-like  noise,  iiiid  found  that  it  had  been  pro- 
duced by  the  falling  of  the  large  pieces  of  ice  that  apjxjarcd  to  have  been  verj'  recently 
separated  from  the  mass  extending  in  vast  abundance  across  the  passage  ...  in- 
acnnidi  that  it  was  with  great  difficulty  the  boats  could  effect  a  passage. " 

1  Vancouver.  Capt.  George,  A  Voyage  of  Diwwvery  to  the  North  Pacific  Ocean  and  BotlBid  the  World* 
Vm,  VoL  ▼»  London.  1801.  pp.  S16-17. 

i  See  map  entitled  Gladers  No.  XI.  in  Dnvidsoti's  Ttir  Glaciers  of  Alaska  tliat  nrc  ShovBonSniirfaaClMlti 
or  Mcntkned  in  Older  Namtivea,  Trana.  and  Proc  Geog.  Soc.,  Pacific  Vol.  Ill,  IMM. 

•Map  in  poAit  In  book  QBtMed  Bqtogts  «f  aqiloBatleM  in  flwTcwitey  of  khAm,  War  Dept..  A4tw43oa. 
Office,  No.  XXV,  Washingtoo,  1890;  Map  No.  8  in  Maps  and  De.scriptiona  of  Routes  of  Exploration  in  Alaska 
in  1898,  special  {rablication  of  U.  S.  GeoL  2nmig,  1809;  Map  No.  18»  in  Twcntioth  Amu  U.  S.  GooL 
Survey,  1000^  Fart  VIL 

«I1«to  m  in  Tho  Goakgr  and  Ifinenl  RflMMNM  of  a  BofftMB  of  dw  Copper  Bim 
Doc.  546,  56th  Congress,  2nd  Si'ssion.  Washington.  1901 . 

One  or  aaother  of  tlieae  sketches  of  Columbia  Glacier  is  abo  followed  in  U.  S.  Coast  and  Geod.  Surv^, 
ChMli8ntaad8519aadiBni,BdL«7;U.S.G«oLflarv<Qr,  UOr. 

•  0^  aiL,  pp.  na^T. 
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Fia.  29.   Gilbert's  Map  or  Coluubia  Glacisb  in  1899. 
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As  stated  in  the  preceding  chapter  Petroff's  account/  thought  to  be  from  observa- 
tioMtyioiBeof  tli»BiMrf«»>iiddoteribingagrea^  may  refer 

to  tli«  Gdnmbia  ineteMl  «f  the  Valdes  Glftcier,  for  lie  MentioM  glacieis  in  Port  Welb 

and  Port  Hdalgo  but  none  in  Columbia  Bay. 

Columbia  Glacier  was  \'isited  in  1898  by  Capt.  A.  O.  JohaMen  in  the  eteanuhip  Don 
and  a  sounding  of  50  fathoms  was  made  near  the  ice  front. 

In  1899  the  Harriman  Expedition  visited  Columbia  Bay  and  named  and  described 
the  glacier,*  Dr.  G.  K.  Gilbert  stayed  there  from  June  26  to  £8,  studying  the  glacier, 
■aking  the  map  htn  lepiodnoed,  and  taking  a  nnmber  of  photographs  irhadu  luwo 
had  gnat  Tafaie  in  anbaeqiient  atodiei.  His  is  the  first  and  best  aoientifio  desedqition 
of  this  ice  tongue.'  He  found  evidence  of  an  advance  in  1888.  The  proofs  of  this,  and 
Gilbert's  deM»iptaonol  oonditioiis  in  1880,  wiU  be  leienod  to  iqwatedly  in  the  following 
pages. 

In  190£  the  steamship  Bertha  went  within  300  yards  of  the  ice  front,  and  other  steam- 
ships have  visited  Columbia  Glacier  in  recent  years.^ 

Eb  1805  n  U.  8.  Goolo^cal  Snrvqr  expedition  in  diarge  of  Fhif .  U.  S.  Grant  visited 
CohnnUa  Glacier,  and  photographs  were  taken  from  the  sites  ol  some  ol  Gilbert's  |dioto- 
gmdis  in  1888.  Other  photographs  were  taken  from  the  same  sites  by  Grant  and  Wiggtw 
in  1008  and  in  June,  1909,  when  the  glacier  was  studied  and  the  ice  front  mapped. 
The  full  report  upon  this  work  has  not  yet  been  published  '  but  the  abstracts  *  and  photo- 
graphs show  that  they  observed  a  continuation  of  retreat  here  between  1899  and  1905, 
a  slight  advance  between  1905  and  1908,  and  a  greater  advance  in  1908  and  1909. 

The  National  Geographic  Society's  expeditions  have  made  four  visits  to  Columbin 
Glacier,  August  81  to  85, 1808,  June  88  to  July  11, 1810,  September  5  to  8, 1810,  and 
Ame  tl,  1811.  During  1808  and  1810  the  glaciv  was  still  advancing,  as  evidenced  by 
tiie  deep  thundering  noise  of  the  straining  glacier,  as  well  as  by  the  lifter  crash  of  ioe 
masses  sliding  down  the  terminus  and  hy  changes  along  the  terminus  and  margins  of 
the  glacier.  We  took  photographs  from  .several  of  the  stations  occupied  by  Gilbert, 
Curtis  (photographer  of  the  Harriman  Expedition)  and  Grant,  and  observed  a  marked 
continuation  of  the  advance  seen  by  Grant,  besides  makiog  soundings  throughout  Co- 
lamfain  Bay. 

Our  prelfaninaiydeseiiplioBi  of  Cohnnbia  Glacier  hnTO 

Oar  topographer,  Mr.  Letris,  has  made  the  large  scale  oontour  map  leprodnoed  as 

t  Biirrougha,  John,  Harriman  .\Ia8ks  Expedition,  Vol.  T,  1001,  pp. 

•  Gilbert.  G.  K..  Hjuriman  Alaska  Expedition,  Vol.  Ill,  Glaciers  and  Gladatioo.  1904^  pp.  71-8L 
<W^giiwnBi,Ella.  Aladca.  Tlw  Cheat  Ccnintiy,  New  Yoil:,  1908,  pp.  287-tSS. 

Grecly,  A.  W.,  Handbook  of  Alaska,  New  York,  1909,  pp.  156-158. 

•  Grant,  U.  S.,  Tidewstw  Glaoiam cl  FiiiM»  William Sooii^ 
(In  preparation.) 

•  la  H.  F.  BddTi  Ysristfoas  «f  CBacfawy,  hm.  GeoL.  Val  CT,  MOS>  pp.  mt^tj  Yd  XVH.  IW^  p.  tro. 
Grant,  IT.  S.  and  Biggins,  D.     GIseiBmef  tks  Nofflham  Put  of  FriawlVOiui  Somd,  BdL  Asmc  Gsof. 

Soc  Vd.  XLU.  1910,  pp.  787-^85. 

'  Tarr,  R.  S.  and  Ifartin,  Lswrence,  National  Geographic  Society's  Alaskan  Expedition  of  1900,  Nat.  Geog. 
Uag.,'Vo\.  XXI,  ISIO.  pp.  9-10,  IS,  80-SS.  37.  53. 

Martin,  Lawrence,  The  National  Gcopraphic  Society  Researches  in  Alaska,  Nat.  Geog.  Mag.,  Vol.  XXII, 
1911.  pp.  M8-558;  Columbia  Glader,  Alaska's  Typical  Ice  Tongue,  American  Review  of  Reviews,  Vol.  XLIV. 
]Sll.pp.«»-W;TiioGkMfa»iBAlMka»BaiLGML8oe.AMiwVflLfi;  ini,^VSl. 
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Map  6,  as  well  as  two  sets  of  traoait  readings  upon  the  ice  front  from  stations  Usted  be- 
loir,  nhSA  ntdUj  mooemhh  and  ahonld  be  wviaited  in  jean  tottOM  to  dwtoniiM 
thebdwTkreftliegliiaer.iplMwadvaiieefm 


Fu.  90.  Tbianqulation  on  Fbont  or  C6i.uubia  Glaosb  Showimo  Advancb  nou  1900  to  19101 


iqion  these  transit  readings.  Stations  B  and  C  are  close  to  the  plane  table  statioiis 
occupied  by  Gilbert  in  1899,  and  are  eadi  within  a  few  feet  of  photogni|ihic  fltatabw  H 
end  I*  see  Map  6. 
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Transit  Readings.  Transit  readings  from  SUtaont  A.  B  Mid  Colimfai*  Gkciei^ 
August  2»-24,  1909,  and  July  5-11,  1910. 

Station  A  is  located  ou  the  western  side  of  Columbia  Bay  on  a  rocky  spur  about  one- 
Ut  BiifeioBth  of  tikftglMMr  front.  It  ii »  ftalbs  drf'vm  in  the  ground  two  feet  Mit  of 
tiriiitiMi,lNi(th€f^riiidiai«biaMdoiit]ie«Mtaide.  Tliit  statioii  iseloteto  but  not  tlie 
nme  m  pbotognpUe  itstioii  G»  lee  IfapC 


Pomi  Sighted 

Ver.A 

Ver.  B 

AHgUJrom 
A-B 

I.  Station  B  (Heather  Islaod) 

1909  0"  0' 

1910  0"  0' 

180"  0' 
180"  0' 

1  Fioiiit  on  Heather  Island  where  glacier 

enten  timber 

im  sM^or 

140*  or 

80*88'(C) 

mo  818"  M' 

148* 

80*06'(C) 

8.  Fkojecting  point  of  glacMr  about  balf 

my  botweoi  A  and  B. 

1909  324°  09' 

144°  09' 

35"  51'  (B) 

1910  325°  26' 

145°  26' 

34"  34'  (B) 

4.  Most  western  point  of  glacier  visible  from 

1909  242"  12' 

62"  12' 

117"  48'  (A) 

Heather  Island 

1910  24S"  45' 

68^45' 

116*  16'  (A) 
180*18' 

S,  WbaeglacieraitonioNttonwiitndo 

1810  888* 

88*  4r 

f.  Fomt  ythae  glackr  tnim  aroond  tho 

1810  848*44' 

08*44' 

114*  10' 

Stat  io  B  is  on  the  highest  point  of  Heather  Island,  357  feet  above  sea  level,  and  near 
the  western  side  of  the  island.  It  is  a  stake  driven  in  the  ground  and  easily  to  be  found. 

Readings 


Fsr.ii 

Fsr. 

B 

Angle  from 
A-B 

L  Station  A  (West  sdeolColambiaBay) 

1800 

0* 

0' 

180* 

0' 

1810 

0* 

0' 

180* 

0' 

8.  Moat  western  point  of  glacier  visible. 

^•ine  as  No.  4,  Sta.  A.) 

1909 

9" 

26' 

189° 

26' 

9" 

26'  (A) 

1910 

9" 

15' 

189° 

15' 

9° 

15'  (A) 

3.  Projecting  point  of  {^ader  about  half  way 

1909 

26" 

59' 

206° 

59' 

26° 

59'  (B) 

between  A  and  B.   (Same  as  No.  8, 

1810 

88* 

00' 

006* 

00' 

88* 

00' (B) 

Sta.  A.) 

4.  Faint  on  Heather  Iriand  wbere  ^ader 

1800 

61* 

25' 

241'* 

25' 

61" 

25' (Q 

enters  timber.  (Same  as  No.  8,  Sta.  A.) 

1910 

65" 

33' 

245" 

33' 

65" 

33'  (C) 

8.  Projecting  point  of  gladcr  jnst  east  of 

1909 

81" 

52' 

261° 

52' 

81" 

52'  (D) 

Heather  Island. 

1910 

82" 

40' 

262° 

40' 

82° 

40' 

0.  Point  where  glacier  leaves  land  on  east 

1909 

82° 

36' 

262° 

36' 

82" 

36'  (E) 

side 

1910 

88° 

84' 

263" 

24' 

88" 

24'(£) 
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Station  C,  elevation  1497  feet  above  tide,  at  timber  line  on  a  long  eaat-west  spui  east 
of  tlie  i^aekr,  li  a  italDe  ddvm  into  ft  joint  in  a  loek  M 


RKAomos 


Ver,A 

R 
O 

L  StatkmB  (Heather JUand) 

1909 

0'' 

0' 

180* 

0' 

1910 

0° 

0' 

180° 

0' 

2.  Point  of  glacier  just  east  of  Heather 

1909 

36' 

186° 

36' 

6° 

36' 

CD) 

Island.    (Same  as  No.  5,  Sta.  B.) 

1910 

6° 

58' 

186* 

58' 

6° 

58' 

(D) 

8.  Point  yihen  glacier  kavw  land  on  otst 

1000 

208* 

4^ 

88* 

46' 

■ide.  (Smuo  m  No.  e,  Sla.  B.) 

1010 

88* 

Of 

808* 

88' 

88* 

sst* 

4.  Most  eastern  piQjoetioii«f|^aciflrtowMd 

1909 

102* 

44' 

282* 

44' 

102* 

44' 

(F) 

inside  lake. 

1910 

105 

05 

285° 

05' 

105 

05' 

OP) 

6,  firat  bend  in  glacier  north  of  No.  4. 

1909 

95" 

27' 

275* 

27' 

95* 

27' 

(G) 

1910 

96*' 

52' 

276* 

52' 

96° 

5^' 

(G) 

6.  Next  bend  in  gladernorth  of  No.  5. 

1909 

99* 

49' 

279° 

49' 

90° 

49' 

(Gs) 

1010 

101* 

10' 

881* 

10' 

101* 

10* 

7.  BdgB  of  gilder  on  vest  aide  of  ibttnima- 

1000 

08* 

84' 

878* 

%K 

08* 

84' 

m 

tak. 

1010 

94* 

26' 

274* 

26' 

94* 

26' 

(H) 

8.  South  edge  of  glader  oneartodeof  oeo- 

1909 

118° 

00' 

298* 

00' 

118* 

00' 

(D 

ond  iiunatak. 

1910 

118* 

56' 

298° 

56' 

118* 

56' 

(D 

9.  West  edge  of  glacier  near  the  north  end 

1909 

124* 

86' 

804° 

36' 

124° 

36' 

(J) 

and  on  the  east  dde  of  second  nunatak 

1910 

125* 

56' 

305* 

55' 

125* 

55' 

10.  Tongue  of  oMtbnuieii  of  glacier  norUkol 

1010 

110* 

88' 

888* 

50' 

110* 

or 

alluvial  Ian. 

The  points  located      these  two  sets  of  transit  readings  when  plotted  (Fig.  80)  Aov 

tiie  advance  of  the  glacier  during  ten  months  from  1909  to  1910. 

General  Features  of  Columbia  Glacier.  This  giant  among  the  glaciers  of  Prince  William 
Sound  has  its  source  upon  the  southern  slopes  of  the  Chugach  Mountains.  Its  length  is 
not  known»  only  the  southem  fifteen  miles  having  been  seen  by  white  men.  It  rises  near 
dw  ban  of  Florence  Pbak>,  iHuoli  ii  11,100  feet  hic^  (Fl.  XCm)  and  ii  tike  b^heit 
point  in  the  C!lingadi]iliMmtains.  Itis  poaaiUetliat  thelengHiof  Golnmbia  Caaeier  ii 
tirmty-five  miles  or  more  and  that  it  heads  upon  snowfield  passes  whence  it  is  continued 
as  a  through  glacier  with  tlie  Valdez  and  Shoup  Glaciers  of  Port  Valdez  to  the  east 
and  the  Tazlina  Glacier  of  the  Copper  River  drainage  to  the  north.  The  lower  part  of 
the  glacier  varies  in  width  from  three  to  four  miles,  and  the  lower  valley  walls  rise  2500 
to  8200  feet 

Hie  ice  stream  flows  southwestwaid  from  its  unlmown  sanroet  and  about  nine  nilee 
from  the  sea  turns  abruptly  southward.  At  tlie  torn  there  ia  a  8684  foot  peak,  eaat  of 
which  the  Racier  sends  a  distribittaij  aoathward  for  three  and  a  half  milea.  This  ia  one 
to  two  niilea  wide  and  at  its  tenninnt  neatly,  if  not  qnite^  eoaleeoei  irith  the 
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mftking  the  hill  a  nunatok.  At  least  one  great  south-flowing  tributaiy  enters  tlM  BMHII 
gkefar  tha99  tiiii  dbbUnitaix,  and  tiwn  may  be  two  otinr  nmlk  cv  aotUiimt  tiflm- 
tanea.  llie  weft  ode  has  two  pronounoedembayn^^ 

contain  a  tributaiy  gladcr  wliile  the  southern  seems  from  one  point  of  view  to  be  aroffy 
a  latend  vaUqr  into  the  mouyi  d  whidi  the  Coliimhia  Glacier  maigin  haa  bulged  wee^ 
ward. 

The  broad  lower  portion  of  Columbia  Glacier  is  one  of  the  largest  and  most  beautiful 
in  Alaska,  terminating  in  a  superb  ice  cliff  from  which  icebergs  are  continually  being  dia- 
chaiged.  Tixe  oider  of  magdtnde  of  this  ice  tomgne  may  be  seen  by  enmbing  PL  d 
in  wlikb  the  idiole  ctly  of  Waibingloiw  D.  C.,  baa  ben  dnnm  caic^^ 
iaifaee  of  Columbia  GUcier.  One  who  hat  walked  modi  in  Wadiiogtoo  can  appreciate 
the  magnitude  of  a  surface  of  snowy-white,  severely-crevassed  ice  twice  as  wide  as  from 
the  Capitol  to  tlic  Wliite  House  and  v  it)i  a  terminal  iee  cascade  nearly  as  long  as  from 
the  Navy  Yard  to  the  Naval  Observ  atory,  and  var>  in^'  in  height  from  100  to  250  feet. 

There  are  medial  moraines  near  each  side  of  the  lower  glacier  and  a  broad  lateral 
moraixie  along  the  eastern  margin,  which  b  lobate  and  detennined  in  positimi  by  several 
vodc  lulb  500  to  IfOO  feet  high.  Hie  diabibtttaiy  eaet  of  the  mmatak  ia  fronted  by  a 
law  lock  ridge  and  has  Its  termimu  ooveced  with  ablation  momioe.  The  west  lateral 
mntaine  of  this  distributary  swings  out  into  tt«  ioe  tongue  and  beeomea  medial  in  tiie 
upper  main  glacier.  The  glacier  is  moving  rapidly  and  is  severely  CVSVBMed  feom  ddo 
to  side,  tliougli  less  broken  within  the  area  of  lateral  moraines. 

For  purposes  of  description  Columbia  Glacier  may  be  divided  into  (a)  the  main  glacier 
surface,  (b)  the  lobate  eastern  margin,  (c)  the  eastern  ice  cliff,  (d)  the  Heather  Island 
tMMiniui,  (e)  the  mam  ioe  oiiff,  and  (I)  the  wealem  maigin.  Iheiie  will  be  deeaibed 
in  invena  oedw. 

The  Western  Margin.  Gilbert  obeenred  in  1890  *  that  *'at  the  weatam  margin  of  the 
main  ice  cliff,  where  the  glacier  crowded  against  a  steep  slope,  there  was  a  belt  of  bare 
rock,  from  200  to  300  feet  l)road,  between  the  ice  and  the  forest."  A  photograph  taken 
by  him  from  a  rocky  point  about  half  a  mile  south  of  the  western  e(lge  of  the  glacier  front 
shows  the  conditions  in  1899  and  ten  years  later  the  National  Geographic  Society's 
expedition  was  able  to  ieoecii|iy  thia  enet  ate  (G.  Fig.  81),  aa  Grant  had  done  eai&r 
mtiieaaBMyear.  Oar  1000  photogra|ihiave|mchioed  with  that  of 
shows  the  precise  change  that  had  taken  place  in  the  ten  year  interval.  There  was  con- 
siderable lateral  spreading  and  thickening,  for,  as  the  glacier  advanced,  it  had  broadened 
so  that  the  ice  margin  had  pushed  forward  two  or  three  hundred  feet  and  once  more 
reached  the  forest,  into  which  it  had  not  yet  advanced  very  far  on  August  23,  1909. 
This  is  shown  by  the  presence,  in  both  pictures,  of  the  same  distinctive  lone  tree  and  the 
adjacent  tieea  at  the  top  of  the  hUl  between  the  ioe  edge  and  the  foteet  The  glader 
had  thiflkened  one  fanndred  and  fifty  feet  or  thereabouts.  The  lateral  spreading  may 
have  been  more  than  200  feet,  for  the  gladcr  aore|y  eontinued  to  recede  between  1899 
and  the  time  when  the  1909  advance  began  and  it  mart,  therefore^  have  readvanoed  thia 
distance  in  addition  to  the  200  feet. 

On  July  5,  1910,  the  junior  author  found  that  this  lateral  spread  had  continued,  cover- 
ing the  site  of  a  marginal  stream  near  the  glacier  terminus  and  crowding  still  farther 
weatwaiJ  into  tiie  fotest.  The  amocmt  of  spread  in  the  ten  month  intenral  wai  abonl 
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170  faet,  trees  )mng  overturned  and  foda  awriddai  by  tibe  wpnuiiag  lee.  There  wm 
moceirood  then  dirt  end  stone  in  the  meqpmd  dfiwie  beeped  up  by  the  ^weedhig  iee 

M  it  advanced  into  the  forrat.  From  Gilbert's  photographic  ate  on  the  rocky  point  to 
the  south  (G.  Map  6)  the  evidence  of  the  spreading  was  clearly  seen  and  it  was  also  plain 
that  thickening  had  ctmtiniied  from  1909  to  1910,  the  amount  beiog  — m  ^ 

least  50  to  75  feet. 

Besides  this  spreading  there  was  forward  movement  at  the  western  margin  from  1899 
to  1910,  for  Gflbert  lagn  that  in  1800  the  bdt  ot  bare  locic  between  the  western  margin 
ci  the  Racier  and  the  forest  "was  strewn  with  fragments  not  only  of  rode  bat  abo  of 
wood,  and  trees  were  freshly  overthrown  at  the  margin  of  the  forest.  At  the  time 
of  its  attack  on  the  forest  the  ice  must  have  been  100  feet  deeper  than  in  the  summer  of 
1899,  and  it  also  extended  farther  southward,  as  shown  by  a  push  moraine  of  rock  at 
the  water  margin,  800  feet  from  tlie  ice  front.  A  second  push  moraine,  less  massive  than 
the  first,  lay  within  it,  being  160  feet  from  it  at  the  water  margin  and  elsewhere  nearer 
to  it  than  to  the  ice.  '*  He  shows  later,  by  the  evidence  of  v^etation  within  this  push- 
mocaina  along  another  part  of  the  glacier,  that  this  eariier  admoe  bad  1^ 
mote  wemify  than  18M  and  perhaps  in  that  year. 

In  June,  1900^  Gnnt  and  Higgins  found  that  the  western  margin  had  spread  latanllf 
far  enough  to  encroach  upon  the  forest  and  had  advanced  southward  a  distance  esti- 
mated as  about  500  feet  beyond  the  position  in  1899.^  This  advance  had  taken  place 
mainly  since  Grant's  earlier  visit  in  July,  1908. 

In  August,  1009,  we  found  that  the  western  margin  of  the  glacis  had  not  only  moved 
forward  the  eii^t  hnndred  Mt  horn  the  1800  tennimio  to  the  outer  push  moraine^  but 
that  the  front  had  also  moved  forward  approzimatdly  four  hundred  feet  nune.  The 
advance  had  without  doubt  been  even  more  than  the  twelve  hundred  feet  from  the  1899 
to  the  1909  terminus,  for  the  glacier  surely  continued  to  retreat  between  1899  and  the 
paiod  between  1905  and  1908,  when  the  present  advance  began,  judging  by  its  behavior 
on  Heatlicr  Island  during  this  period.  We  cannot  determine  how  much  tliis  recession 
amounted  to,  but  whatever  it  was  must  be  added  to  the  1£00  feet  of  net  advance  be- 
tween 1800  and  1000.  If  Grant's  estimate  d  the  posUko  m  Jane*  1800,  is  ootieet,  tbe 
advanoe  between  June  and  August,  1900,  was  about  700  feet 

In  ovefridmg  tbe  barren  area  strewn  with  rock  and  wood  on  the  wcstem  margin,  the 
two  push  moraines,  mentioned  by  Gill>ert,  had  l)ecn  destroyed  but  a  new  push  moraine 
had  been  formed  in  1909,  rising  ten  or  fifteen  feet  above  a  beach  where  there  was  no 
such  feature  ten  years  before.  It  was  made  up  of  lieaeh  rubble  and  the  ice  was  still  in 
active  contact  with  it  on  August  23,  although  the  moraine  was  not  visibly  shoved  while 
we  were  upon  it  Above  it  rose  the  dfibns-stained,  crevassa-riven  iee  dtt,  horn  wbosa 
slope  large  Mocks  of  ice  had  reoentliy  fallen  upon  the  surface  of  the  push  moraine.  The 
sOEf^  of  this  moraine  was  five  or  nx  feet  wide  and  neariy  flat-topped.  It  had  a  steep 
outer  .slope  upon  which  several  young  spruces  were  still  growing,  having  been  tilted  from 
a  vertical  position  to  an  angle  of  forty-five  degrees  (PI.  XCVII,  B),  and  in  some  cases 
even  to  a  horizontal  position,  by  the  glacier  pushing  up  the  ground  in  which  they  grew. 

The  push  moraine  disappeared  a  few  hundred  feet  back  from  the  beach  where  the  gla- 
cier was  actively  advancing  into  the  forest  along  the  western  nuuf^  Here  we  found  a 
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jagged  cliff,  with  ice  dark  from  included  rock  fragments,  in  immediate  contact  with  the 
steep  mountain  slope  and  the  trees  growing  upon  it.  The  trees  were  being  uprooted  and 
emUmwI  hf  the  advancing  glader  (PL  CIII)  and  llMir  dead  tranka  nwe  mdrnad  at 
▼anoos  anglea.  Use  trees  not  yt/t  attacked  were  growing  tmdistinbed,  several  ai  them 
beneath  the  very  shadow  of  the  overhanging  ice  cliff.  The  osfy  attack  upon  the  trees  not 
yet  reached  by  the  ice  itself  was  being  made  by  the  glacial  stream  which  flowed  along  the 
ice  margin.  This  stream  had  been  forced  westward  into  the  forest  and  for  some  distance 
was  flowing  among  the  tree  trunks,  not  ha\nng  yet  eroded  sufficiently,  or,  at  the  base  of 
the  slope,  deposited  enough  gravel  to  overturn  or  kill  more  than  a  very  few  of  them. 

On  July  6,  lOlOt  wbm  the  junior  aothor  iwiaated  the  wertem  maxgin  of  Cohtmbia 
Gbckr,  he  foond  that  the  iee  had  not  only  i|Nnad  and  thadcened  ainoe  1000  but  had 
continued  to  advance  aonthiraid  duiing  the  ten  months  amoe  hn  The  amount 

of  forward  movement  was  about  840  feet  and  the  tenninus  of  the  glacier  was  within 
240  feet  of  the  nearest  rock  ledges  on  the  first  promontory  to  the  south,  from  which 
future  measurements  inig}it  conveniently  be  made,  or  from  the  bench  mark  near  Station 
G  (Map  Q),  still  farther  south. 

Tlie  advance  had  lahflB  ^  loe  Crani  hatf  way  aofoia  the  beach  neaieit  the  glacm 
and  the  marginal  stream  whidh  emerged  on  the  beach  at  the  ice  front  in  1000  waa  gone* 
Hie  mier  evident^  escaping  beneath  the  ice.  The  snhatantial  push  moraine  of  August, 
1000,  had  alao  been  destrogred  by  the  advance  and  there  was  not  as  large  an  armnwihilion 
at  the  margin  of  the  glacier.  The  ire  was  broken  and  spHntere<l  and  upper  portions  were 
being  thrust-faulted  forward  over  Uie  basal  ice.  In  some  cases  trees  were  being  pushed 
down  by  these  upper  ice  splinters  before  the  base  of  the  ice  cUff  reached  their  roots. 

Between  July  and  S^tember,  1010,  this  western  margin  of  the  glacier  seemed  from 
Heather  Mand  to  have  advanced  less  than  180  feet  Between  the  latter  date  and  Jmie, 
1911,  tiie  advance  oontinned  but  aaneaaw  the  i^acicr  only  from  the  steamer,  near  the 
southern  end  of  Heather  Island,  we  cannot  say  how  much  except  that  it  was  less  than 
100  feet. 

To  summarize,  the  western  margin  of  Columbia  Glacier  has  had  the  following  oscil- 
lations, the  net  advance  from  before  1{)09  to  1911  being  at  least  1700  feet.  It  is  possible, 
in  view  of  minor  oscillations  in  uxidglucier  that  there  were  several  short  periods  of  ro' 
ti«at  not  mentioned  in  this  table,  and  that  the  total  advance  waa  even  greater. 


Date  of  Change 

Ckange 

Amount 

Obserwr 

mm  to  July  25-27, 1899 

Retreat* 

800  feet 

Gilbert 

1809  (July  25-27)  to  unknown  date 

Retreat 

Not  measured 

Unknown  date  to  June  24, 1009 

Advance 

500  +  feet» 

Grant  and 

1900  (JnneM)  to  Aug.  SO,  1000 

Advance 

700 feet 

Higgins 
Tarrand 

Martin 

1909  (Aug.  23)  to  July  5, 1910 

Advance 

340  feet 

Martin 

1910  (July  5)  to  Sept.  5,1910 

.\dvance 

100-120  feet 

Martin 

1010  C!3^t.5)  to  June  21, 1011 

Advance 

Less  than  100 

Tarr  and 

feet 

Murtiu 
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The  Main  Ice  Cliff,  "^^e  main  ice  cM  of  Columbia  Glacier,  between  tho  WMt  diore  and 
HMtherldbadthMawidlJiof  afittleofvvrt^  ItkaaoMfiHuitleMiBr 
pteoflive  tluok  the  Hubbud  Gkder  diff  in  Yakntat  Bay,  being  dioitar,  km  netiTe,  and 
iritb  less  imposing  mountaini  behind.  It  ii,  however,  a  beautiful,  pimiacled  (PI.  CV)  and 
crevassed,  snowj'  white,  sinuous  precipice  of  ice,  risinp  verti<"ally  between  100  and  250 
feet  above  the  water,  and  in  a  less  precipitous  cascade  to  500  feet.  Its  height,  sweep 
and  beauty  may  be  inferred  from  PI.  CIV  where  the  dimensions  of  the  ocean  steamship 
in  the  foreground  give  a  scale  for  visualizing  this  magnificent  ice  clifiF.  It  descends  to  an 
unknown  d^th  beUm  sea  level,  the  nearest  sooikling  being  000  feet,  thou^  the  -water 
may  be  a  HUJe  deeper  at  other  pointa.  For  Terioue  leeeoM,  aotaUy  the  doping  froat 
of  the  ice  cliff,  the  absence  of  large  icebergs,  and  the  shallowness  of  the  water,  we  are 
eonvinced  that  the  glader  front  is  not  afloat.  If  it  weie^  the  wator  woidd  need  to  be  at 

feast  1500  feet  deep. 

In  1899  Gilbert  sUted* 
tiiat "  at  the  western  mar- 
gin of  its  princ^Ml  tidal 
diff  thetfacierieetedona 
bank  of  drift  at  the  level 
of  low  tide,  and  this  bank 
extended  eastward  as  a 
shoal,-  on  which  bergs 
were  stranded,  for  several 
hundred  yards  ham  the 
Aon*  We  noted  two 
important  streams  from 
the  western  ice  cliff.  One 
of  them  issued  from  a 
cave  at  the  water's  edge 
near  the  vnaiem  Umit  of 
the  diff ,  the  other  from  a 
eobmerged  and  invisible 
tunnel  near  the  middfe  ol 
the  cliff.  The  last  mentioned  was  probably  th  •  largest  of  all  the  draining  streams.  It 
rose  to  the  surface  at  the  base  of  the  chff  and  flowed  southward  over  the  salt  water, 
forming  a  broad  lane  of  milky  fresh  water  with  a  visible  current  and  at  times  nearly 
free  from  floating  ice. " 

In  1000  and  1010  the  streams  mentioned  were  no  longer  there,  doubtleas  having  been 
deetroyed  by  dosbg  of  orifioes  in  the  ice  during  the  advance  then  in  progress.  The 
site  of  the  shoal  mentioned  was  ovenidden  and  there  was  no  stranding  of  icebergs  near 
the  western  mnrgin  except  as  ice  msswii  had  slid  down  from  the  cliff  and  lay  upon  the 
beach  or  near  it  in  .shallow  water. 

Grant  and  Iliggius'  map  of  Columbia  ice  front  (Fijj.  31),  made  in  Jun^  1909, 
shows  a  retreat  of  parts  of  the  west  diff  of  neaily  one-eighth  of  a  mile,  flinee  188^ 
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there  being  an  adyaooe  duiing  the  Muoae  peiiod  of  tea  years  in  the  oeatral  put  ol  the 
tidal  cliff.* 

In  1889  the  point  ol  the  ioe  cfiff  projecting  farthest  south  was  near  the  center  of  the 
uaineliff  and  HiTM  in  aboot  the  nmepodtiim  in  August,  1009,  though  a  Btlle  fwtinr 
meet  Tlien  wen  onmoroas  minor  ptamontories  and  covee  in  the  ioe  cliff.  Hiediff  was 
alBMMilentirely  freefiroindftwii>eaDoept  in  the  areas  reaahed  by  the  wertem  lateral  moraine 
and  one  medial  moraine  near  the  western  border.  It  was  snowy  white  near  the  top  and 
more  glassy  near  the  base,  where  there  were  also  occasional  minor  dirt  bands,  also  sug- 
gesting the  shallowness  of  the  bay  here.  Photographs,  taken  in  1909,  from  two  sites  on 
the  small  island  north  of  Heather  Island  that  were  occupied  by  members  of  the  Ilarrimau 
£ipedition  ten  yttas  before,  ihoiiwl  a  dfi^t  advsnos  of  tfas  nudn  lob  front  in  Cohnnbin 
Bay  and  an  iaowae  in  the  height  ol  the  diff. 

\^th  the  advance  of  Aib  diff  on  the  mBtern  margin  th«te  was  a  great  increase  in  the 
height  of  effective  wave  work  there,  resulting  in  the  destruction  of  v^jetation  by  the 
great  waves  ^^eneratecl  by  the  discharge  of  icebergs  from  the  front  of  the  glacier.  Along 
the  inner  face  of  the  beach  and  at  the  base  of  the  cliff,  vegetation  had  grown  with  rela- 
tion to  the  height  of  wave  work  appropriate  to  an  ice  cliff  a  quarter  of  a  mile  or  more 
away.  When  the  ioe  cSff  advanced  thii  diatanee  the  waree  began  to  wadi  up  moefa 
higher,  and  in  August,  1900,  beach  cobbles  and  sand  had  been  thrown  bade  among  the 
twjoi^  ham  nme  of  which  the  baric  had  been  eroded  aemal  indies  above  the  ground. 
Some  trees  were  killed  by  the  sand  and  salt  water,  and  some  were  broken  off.  Lichens 
and  moss  were  removed  from  the  rocky  cliffs  fifteen  to  twenty -five  feet  above  high  tide, 
soil  had  been  washed  down,  and  at  the  head  of  one  chasm  on  the  coast  a  wave  had  re- 
cently splashed  so  high  out  that  it  had  ripped  up  a  strip  of  turf  and  flung  it,  bottomside 
up,  into  the  fovest  at  the  liead  of  tlie  diasm. 

Tbe  main  ice  diff  ,  which  defoendi  neai^  500  feet  in  the  last  quarter  of  a  mife,  though 
frequently  disduoginK  iodiergi,  mom  by  «*aiicading  down  tiie  Irant  than  by  lidng  from 
below  the  surface,  was  far  less  active  than  Hubbard  Glacier  in  Yakutat  Bay.  The  terminal 
cliff  of  Columbia  Glacier  is  nearly  200  feet  higher  than  tliat  of  Hubbard  Glacier,  but  it 
is  far  less  steep.  Columbia  Glacier  has  a  broken  front  down  which  ice  frapnients  cascade 
whereas  Hubbard  Glacier  front  is  in  places  nearly,  if  not  quite,  vertical  for  300  feet. 
There  were  no  large  icebergs,  apparently  because  the  ice  front  stands  in  shallow  water, 
and  then  were  only  a  modorate  number  of  small  bergs,  periiaps  because  of  the  eaqr  es- 
cape they  have  to  the  open  wateis  of  Fkmoa  WilHau  Sound* 

Nether  tlie  main  ice  diff  nor  the  eastern  ice  cliff  projects  as  far  as  the  Heather  Island 
terminus,  periiaps  partly  because  the  latter  is  opposite  the  center  of  the  glacier,  but  also 
in  part  on  account  of  the  more  rapid  rec-ession  in  salt  water  than  on  the  land.  Because  of 
this  difference,  the  ice  front  of  Columbia  Glacier  is  sinuous,  with  moderate  re-entrants 
in  the  two  places  where  in  contact  with  the  salt  water,  and  with  a  notable  projection 
vbeniiesting  on  the  island. 

In  Jime,  1010,  the  niain  ioe  diff  was  from  400  to  600  fset  farther  south  than  k 
naty  1009,  the  greatest  advance  (Fig.  80)  having  come  in  the  portion  a  little  west  of 
the  middle.   The  rate  of  actual  advance  of  that  portion  of  the  glacier  ending  in  water 
cannot  be  determined  because  iceberg  discharge  causes  the  shortening  of  the  glacier 
while  it  is  advancing.  Tlie  rate  must  be  considerably  in  excess  of  two  feet  a  day,  however, 

•  Gran^  U.  &  MdHlMiii^  D.  F«  Ball.  Imr.  G««.  Soe,  ToL  XUI,  UlOi  Fig.  6k  p.  718. 
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for  despite  the  losses  by  melting  and  by  calving  of  icebergs,  the  main  cliff  WM  600  ieet 
farther  south  on  July  5,  1910,  than  on  August  £4,  1909, — 314  days  earlier. 

Pictures  from  two  photographic  sites  occupied  by  the  Harriman  Expedition  in  June,  ' 
1800^  and  by  tu  in  August,  1009,  June,  1910,  and  September,  1010,  emlife  at  to  check, 
with  giqiye  proof ,  the  fonraid  movemeDt  deleiii^^  The 
adraace  from  August,  1909,  to  June,  1910,  W9M  mnch  gneter  than  that  of  the  pteoediBg 
ten  years  (Fig.  SI).  The  advance  from  June,  1910,  to  September,  1910,  which  was  not 
measured  ^nth  the  tianait,  was  alight,  thou^  peroqptible.  It  magr  be  estimated  roomily 
as  over  100  feet.  ' 

During  the  continued  advance  from  June  to  September,  1910,  a  large  area  of  debris- 
laden,  black  ice  appeared  in  the  terminal  cliff  some  distance  east  of  the  center.  It  was  | 
several  hmdied  yards  long  and  extended  50  or  75  feet  above  sea  leveL 

Th§  Htatktr  Idand  IVmuuit.  East  el  the  main  ice  diff  the  Columbia  Glacier  tenat-  | 
nates  for  about  half  a  mile  on  an  islet  north  of  Heather  Island  and  connected  -n-ith  it  at  I 
low  tide  (Fig.  35).  The  ice  front  ends  successively  from  west  to  east  (Fig.  32) :  (1)  on 
a  beach  (a-c);  (i)  near  a  western  clump  of  timber  (c-d);  (3)  on  a  boggy  heath  (d-e); 
(4)  near  an  eastern  timber  belt  (e-h);  and  (5)  on  morainic  siioals  and  mud  flats  in 
the  cove  north  of  Heather  Island  and  east  of  this  islet  (h-i).  Beyond  this  is  the  eastern 
joe  diff. 

This  part  of  the  ^bMaer  has  been  visited  and  studied  moie  than  any  other  and  ti 

in  its  history  for  the  past  ten  years  are  of  modi  interest.  In  1890  Gilbert  *  states  that 
"on  the  island  between  the  two  ice  cliffs  there  were  also  two  push  moraines  of  recent  date, 
the  nearer  being  about  100  feet  from  the  ice  front,  the  farther  from  300  to  500  feet.  The 
latter  was  associated  with  overthn)wri  forest  trees,  and  included  with  its  ro<-ky  debris 
not  only  tree  trunks  and  branches  but  folds  of  peaty  soil.  The  tract  between  the  nearer 
push  motaine  and  the  ioe  was  in  places  ooiupied  by  an  old  moraine  soilaoe  over  lAidb 
the  ioe  had  advanced,  but  this  surface  was  elaborately  fluted  in  the  direction  ol  ice  mo- 
tion, the  corrugations  having  a  vertical  magnitude  of  several  feet.   In  one  instance  it  , 
was  seen  that  a  large  bowlder  in  the  underlying  drift  had  impressed  its  form  on  the  ioe,  | 
preservHing  in  its  lee  a  train  of  drift  of  the  same  cross-section,  which  constituted  a  ridge,  | 
and  it  is  i)n)hahle  that  the  other  flutings  were  of  the  same  character.   As  these  detiils 
in  the  cou£guration  of  the  drift  surface  would  be  quickly  obliterated  by  frost  and  rain,  | 
their  eapoenre  must  have  been  very  recent.  Probably  the  advance  creating  the  posh 
moraine  and  the  subsequent  melting  iHdcfa  laid  bare  the  ice-molded  drift  had  taken 
place  within  one  or  two  years. " 

Grant  visited  this  same  part  of  Columbia  Glacier  in  1905,  1908,  and  June,  1909,  and 
has  stated  *  that  in  1905  "at  tlie  north  end  of  the  small  island  north  of  Heather  Island, 
on  which  tlie  front  of  the  glacier  is  resting,  and  where  a  few  years  ago  the  glacier  had 
intruded  and  overturned  the  front  of  a  forest,  a  photograph  (CVII,  A)  was  obtained 
tan  the  same  position  as  one  (PI.  CVI,  A)  taken  by  Mr.  Gilbert  in  1880  (Fig.  SI, 
Sta.D).  Atthispoint  the  fkont  of  the  ioe  has  letieated  100  feet  since  1800.  Onthe 
ground  since  vacated  by  the  glader  there  is  veiy  little  vegetation  practicaBy  notking 
except  fireweed,  wliidi  has  encroadied  upon  this  territoiy  only  a  few  feet.*' 

'  Gabert,G.K..HammanAUdcaExpediUoQ.  Vol.  111,1904,  pp.  77-78.  ■ 
•  Gmnt,  lJ.S,iaH.F.Bad'aVaiktkas€lGladn^JoAGeoL.VoLXIV,lS0«,pp.4M^  ZVQ, 
1900,  p.  070. 
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"In  1905  the  front  had  retreated  160  feet  from  its  position  in  1809.  and  in  1908  it  had 
advanoed  lit  iset  bqroiid  iU poaitioa  in  IMS." 

In  Jioi^  1M0»  wfaen  iievuitod  bj  Gitnt 
had  advaoeed  810  leal  anoa  1M6»  and  along  parta  of  iU  front  iraa  aihanoing  into  Ihn 

forest.* 

The  photographs  by  Gilbert  in  1809  and  by  Grant  in  1905, 1006  and  June,  1000»  from 


Small  h-tfrrs  show  IcK  at'on  of  forest  Tx-Its,  heath.  beaC^  Sle;  C^litU  fattew  abOW  fhtAognfUc  tkutiomi,  thON 
aot  pKOM^  locsted  having  a  ktter  without  qrmbol. 


aaetly  the  aame  ate,  at  the  ipiestem  end  of  the  eastern  timber  belt  abeady  spoken  of » 
dMur  tiwietreat  and  advance  at  this  point  gnphJcally  (Fls.  CVI,  A,  CVII  and  CVIII).  It 

is  also  a  noteworthy  fact  tliat  the  advance  went  on  even  more  rapidly  between  June  and 
August,  1909,  than  before,  so  that  while  Grant  was  able  to  photograph  tlio  glaru^r  from 
this  site  in  the  former  month,  the  National  Geographic  Society's  expedition,  two  months 
later,  found  the  site  completely  buried  beneath  the  glacier,  which  had  then  advanced 

>  Gtaot  U.  &  Mid  Higgins.  D.  F,  Gladen  of  the  Northeni  Part  of  Priooe  Willism  Sound.  BulL  Amar.  Geof. 

Bso,  TflL  XLn.  mo.  pp.  7n-9Bs. 
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up  to  or  pombfy  jiiat  beyood  the  crater  posh  moraine  obae^^  Our 

pliolognpli  (PI.  CVUL,  B),  which  belongs  with  this  zemarkable  series  oi  four,  was  there- 
Ion  neoeHMily  taken  fram  a  little  farther  to  the  right  and  hi^cr  than  the  others.  It 
shows,  however,  the  same  gro"P  of  inclined  and  overturned,  dead  or  dying  trees  which 
are  in  all  the  other  pictures  and  which  were  killed  by  the  advance  dated  by  Gilbert  as 
seven  years  before  1899,  or  in  1892.  In  August,  1909,  the  ice  front  had  just  passed  this 
1892  maximum.  On  July  4  and  September  5,  1910,  the  advance  had  gone  still  fartber* 
as  is  ahown  bdovr.  ThenMasuiedieoosdaltliispoiiitiiasiolloin. 


J}aU  <^  0b$m9alim 

Nature  qf 

Obsentr 

1892  (probably)  to  July  25-7, 1899 

Retreat 

8-500  ft. 

Gilbert 

1890  (July  25-7)  to  July  10,  1905 

Retreat 

160  ft. 

Grant 

1905  (July  10)     to  July  15,  1908 

Advance 

112  ft. 

Grant 

1908  (July  15)    to  June  24,  1909 

Advance 

310  ft. 

Grant  and 

Higgins 

1909  (June  84)   to  Aug.  28, 1900 

90  ft 

TMraad 

Mamn 

1909  (Aug.  28)    to  July  4,  1910 

Advance 

900  ft. 

Martin 

1910  (July  4)    toSq>t.  6,1910 

AdTaaoa 

80  It 

The  photographs  at  these  seven  periods  of  observations,  show  many  inteiestiBg  de> 
tails  concerning  the  forms  of  retreating  and  advancing  glacier  fronts,  the  changes  of 
marginal  drainage,  the  accompanying  push  moraines,  the  effect  on  forests  and  the  rapid 
reoccupation  by  annual  plants  of  a  d^laci&ted  surface. 

The  half  mile  of  ioe  front  ot  Cdumbia  Gladw  on  tliii  idet  north  vi  Heather  Uaad 
ahowed  the  fdlofwingoonditkiDs  on  Anguft  20-28, 1900,  July  4-0, 1910,  and  September  8^ 
1910.  Bfigminng  whew  the  main  ice  diff  emerged  from  the  water  of  the  bay  w 
side,  there  was  a  push  moraine  of  beach  sand  and  gravel  18  or  20  feet  high  in  August, 
1909,  wliere  the  photographs  show  that  there  was  no  such  moraine  in  1899,  1905,  and 
1908.  The  ice  was  in  active  contact  witli  this.  An  older  push  moraine,  probably  built 
by  the  1892  advance,  still  extended  some  distance  out  toward  the  water's  edge  in  1908 
but  it  did  not  extend  to  the  coast,  as  did  that  of  1909,  which  is  farther  south.  A  tiny 
push  mondne  within  this  older  one  also  ahowa  in  Grant's  1908  picture,  the  advance 
having  then  apparently  oomuwnoed.  At  the  tine  of  Giant'a  >  visit  m  June  1900,  tlie 
outer  moraine  had  advanced  and  grown,  being  about  25  feet  high.  It  was  formed 
between  July  15,  1908,  and  June  24,  1900.  and  continued  to  be  pushed  fon\-ard  from 
June  et  to  Aufrust  23,  1909.  Bctwwn  August  2.^,  1909,  and  July  4.  1910.  the  glacier 
niMr^in  upon  tlic  beach  continued  to  advance,  shoviut;  the  push  moraine  upon  the  beach 
aliead  of  it  and  truncating  more  and  more  of  the  forest  edge. 

Meastuing  from  a  graywacke  rode  ledge  upon  the  beadi  whidi  was  about  800  feet 
boBk  the  ice  in  August,  1009,  the  spader  margin  advanced  188  fe^  in  the  ten  months  up 

*QisatP.8.,saJingi^D.g.,Glsdsw«gtUNsrthwPlsrtslP>lBCs1B8hss8^^  AaMt.G«t» 
Soft.  Td.  ZLII,  UlCk  pb  7W. 
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toJii|74,1910.  AttlieMiiw|Nibttli»ailvwioefram  Jiify4toScpl^^ 

months,  w»a  182  feet  At  thit  latest  obeervmtioii,  the  edge  of  the  poah  montiw  in  fnmt 

ef  the  advancing  glederwmioinlyn  feet  &om  the  lughflttpou^ 

mcke  ledge. 

At  the  time  of  each  of  the  three  ^^.sits  by  the  N  ational  Geographic  Society's  expeditions 
the  push  moraine  at  the  advancing  glacier  margin  showed  about  the  same  conditions. 
There  was  a  gravel  ridge  parallel  to  the  ice  ftont  and  16  to  £5  feet  high  (Fl.  CIX,  A). 
Behrm  it*  crett  awi  the  in  WM  •  dflpiMBOii  •  or  8  ieet  dtap^ 

was  visibly  pbwing  under  the  gravid.  The  outer  slope  of  the  push  nuwaine  was  as  steep 

as  sliding  gravel  will  stand.  The  advance  was  taking  place  without  disturbance  of  the 
beach  gravels  b^ond  the  push  moraine,  in  this  respect  contsastiaig  with  the  oonditioilt 
along  the  eastern  edge  of  the  glacier  which  are  described  later. 

The  w^tern  edge  of  the  western  clump  of  timber,  as  shown  in  an  1899  photograph, 
was  not  recognizable  in  August,  1909,  and  at  the  time  of  our  visit  in  1909,  there  seemed  to 
be  BO  tnea  as  near  the  water's  edge  as  in  1800.  Siaoe  the  fomt  belt  vecedM  farther  from 
the  coast  as  one  proceeds  aoothward  ikom  the  1800  Racier  front  this  indieatee 
able  advance  before  Angnet,  1909,  truncating  the  edge  of  the  forest,  and  extending  be- 
yond the  18D2  maximum.  Within  the  western  clump  of  timber  the  ice  was  pushing  in 
among  tlie  trees  in  August,  1909,  overturning  them  by  the  thrust  against  their  roots 
and  killing  them  by  burying  their  trunks  beneath  tlie  rock  and  soil  of  the  push  moraine 
wliich  bordered  parts  of  the  ice  front.  Furthermore,  the  leader  was  faulted  in  places  and 
long  spUnten  ef  ioe  were  tiumst  forward  in  advance  of  the  base  of  the  ice  diff.  eoming  in 
eontafit  with  the  upper  trunks  of  mature  trees  and  tippmg  them  over.  These  nppn  ice 
portions  were  being  pushed  ahead  of  those  below  by  thrust  faulting,  evidently  because 
the  basal  ice  was  in  contact  with  the  soil  and  the  tangle  of  roots  of  a  mature  forest,  so 
that  the  less  resisted  upper  layers  of  tlie  ice  slid  over  those  below.  There  were  small 
hving  trees  actually  under  the  projecting  ice  front.  One  could  step  from  the  glacier 
surface  into  the  branches  ttt  a  tree  twenty-five  feet  above  the  ground,  or  climb  a  tree 
and  step  out  upon  the  surface  ot  the  projecting  upper  layer  of  ioe. 

The  enct  amount  of  advance  here  is  not  d^nitely  known,  but  the  ice  was  surely 
iertfaer  out  than  it  had  been  for  fifty  to  one  hundred  years,  judging  by  the  age  of  the 
trees  now  being  overturned.  The  forest  was  mature,  with  thickly-set  trunks  and  deep 
moss,  and  some  of  the  trees  were  a  foot  in  diameter  and  from  fifty  to  one  hundred  years 
old.  That  at  the  time  of  our  visit  in  August,  1909,  the  advance  at  this  point  had  ex- 
teaided  b^ond  the  180£  maximum  is  proved  by  the  absenoe  of  i»evioudy  overturned 
trees  in  this  western  forest  belt»  in  contrast  with  the  leoogniaaUe  inclined  trees  just 
to  the  east  where  the  advance  had  extended  up  to  but  probably  not  very  fur  beyond 
the  1 893  maximum. 

Between  August,  1909,  and  July  4,  1910  (Fig.  Si),  the  ice  advanced  nearly  through 
this  western  belt  of  timber,  overriding  the  trees  and  pushing  up  a  mass  of  soil,  gravel, 
and  wood  in  front  of  it.  During  this  period  of  ten  mouths  the  ^\idth  of  the  forest  from 
north  to  south  was  diminished  from  about  80Q  feet  to  100  feet  in  the  widest  plaee.  Be- 
tiKeea  Ju]y  4  and  September  5, 1010  (Fig.  88),  the  destruction  of  this  forest  continued 
and  on  the  hrtter  date  there  was  not  a  tree  left  standing  upright  in  the  main  grove.  AH 
were  either  overridden  or  lay  prone  (PI.  CIX,  B),  or  were  held  inclined  by  the  moraine 
or  the  ioe^  esoept  a  half-doeen  semi-detached  q>ruoes  at  the  southern  border.  One  of 
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tliew  WM  tSntdy  iodiiwd  in  Scptanber,  1910,  mggetliQg  that «  pinwghiih»re4flpe  hud 
now  ol  the  glaciar  ma  advancing  ahead  of  the  visible  ioe  edge.  In  liw  intervemog 
aiea  a  f ew  rolls  ol  tmf  were  being  pushed  iq>  and  these  incfeaaed  in  nnmlMr  during  tlM 

two  months  between  our  1910  observations. 

In  the  forest  there  was  no  audible  disturbance  that  would  lead  one  to  suspect  that 
the  glacier  was  advancing,  and  it  was  possible  to  clamber  freely  among  the  overturned 
tree  trunks,  over  tlie  push  moraine,  and  out  on  the  edge  of  the  advancing  glacier,  whose 
fee  was  less  splinterad  and  ovwthnist  in  Jnjy  and  fiaptwnhfir,  1910^  than  in  AugusU  1999. 
Move  of  the  txees  seemed  to  be  thrown  down  by  the  wti^t  of  the  i^adal  monine  matia- 
rial  heaped  upon  their  trunks  than  by  the  push  of  the  ice  itself,  therefore  falling  with 
thdr  tops  away  from  the  ioe  and  afterward  being  omriddsn  and  buried.  Some  of 


Fio.  SS.   Columbia  Glacodi  in  SapnoiBBB,  1910. 
To  aliDw  adfaaoe  ifairiiig  S  moBtlM.  Dotted  liiMdioin  ioe  «4ge  in  Ja«,  101A,iae  fig.  SI. 


the  trees,  however,  were  originaUy  overtamed  by  the  ioe  itself  and  these  usually  fell 
toward  the  i^ader,  the  projecting,  buried  ice  edge  pushing  their  roots  forward.  Tfugr, 
therefore,  lay  across  the  terminal  push  moraine  and  in  some  cases  with  their  tops  on 
the  ice  itself.   Ice  seemed  to  everywhere  onderUe  this  teraunal  push  nunain^  though 

in  places  it  was  deeply  buried. 

The  terminus  of  that  part  of  the  glacier  which  ends  on  the  heath  between  the  two 
forest  bdts  was  fronted  in  August,  1909,  by  a  great  push  moraine  of  peat  and  toif  with 
a  few  tree  trunks,  some  bowlders,  and  a  little  giavd  and  tilL  This  push  mocaine  nae 
twenty  to  twenty-five  feet  above  the  heath  on  the  south,  whidi  sloped  gradually  to 
the  shores  of  a  small  pond.  The  ice-contact  face  of  the  push  moraine  sometimes  had 
a  depression  between  it  and  the  ice  which  was  due  to  the  thrust,  not  to  melting,  for 
the  grasses  on  tlie  inner  slope  had  not  been  dcstroytxl.  The  shoving  up  of  the  pu>h 
moraine  was  evidently  due  mainly  to  the  powerful  ploughing  of  the  glacier  foot  and  the 
thrusting  forward  of  the  soil. 
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TluM  pndl  mocaine  was  in  part  a  feature  produced  by  the  189£  advance,  for  there 
mn  deed  tiees  in  it  overtunied  by  the  pievioiM  edTeaoe^  and  a  photograph  taken 
in  1809  ihowB  the  moraine  craenng  the  heath  much  as  in  1900,  though  with  a  very 

difTerent  relation  to  tile  ioe  front.  In  August.  lf>09.  the  ice  was  just  extending  beyond 
the  189^  maximum,  as  was  shown  by  fresh  clods  of  turf,  stones,  and  pieces  of  wood  that 
had  rolled  down  the  outer  slope  of  the  push  moraine  and  by  one  or  two  blocks  of  ice 
that  had  tumbled  down  the  outer  side.  We  are  not  certain  whether  the  moraine  han 
had  been  moved  forward  at  all  or  had  been  made  higher  in  1909. 

By  September,  1011^  there  wtm  still  more  adraooe,  but  the  giaeier  faMwhwM  was 
moch  thinner.  This  speetaeuhr  decrease  in  height  of  the  ioe  terminus  from  60  fcet 
in  July  to  less  ^an  15  feet  in  September  suggests  either  (a)  tremendous  vertical  abla- 
tion (4.5  feet  removed  in  63  days,  or  nearly  nine  inches  in  a  day),  or  else  (b)  theeolla|Me 
of  tills  portion  of  the  glacier  surface  by  flowing  away  of  the  ice  beneath. 

In  this  eastern  part  of  this  heath  or  meadow  the  push  moraine  was  fronte<l  by  an 
area  of  turf  ridges  or  billows,  extending  parallel  to  the  ice  front  and  one  hundred  and 
fifty  or  two  hundred  feet  out  from  it.  In  1909  there  were  qmdines  and  aatidines  of 
peaty  sofl  two  to  six  feet  wide  and  three  or  four  feet  high*  with  grass  and  shrubs  stiU 
gMMving  vpoa  them.  Some  of  them  had  been  made  by  the  thrust  of  the  ioe  during  the 
1892  advance,  for  they  were  i)hotographed  in  1899.  At  least  two  such  peaty  bolsters 
were,  however,  added  by  the  1909  advance  at  this  point.  These  are  not  rolls  that  were 
invisible  because  submerged  in  the  adjacent  pond  in  1899,  for  the  water  stood  higher 
in  1909  than  ten  years  before.  The  advance  at  this  point  extended,  therefore,  a  trifle 
isrtiMr  in  August,  lOOO,  than  the  18991  maadmnm. 

In  July,  1010,  the  push  Bmauie  was  quite  similar  to  that  in  August,  1900,  mo&pt 
that  the  whole  merainic  ridge  had  been  pushed  forward  and  it  continued  to  advance 
during  the  summer  of  1910.  The  sloi)ing  heath  in  front  of  it,  however,  was  rephMsed 
by  additional  bolsters  of  peat.  The  de{)ression  between  the  ice  and  the  push  moraine 
was  decreased  somewhat  in  depth  between  1909  and  1910.  The  push  moraine  roise 
ID  or  12  feet  above  the  ice  of  the  glacier  terminus,  and  22  feet  above  the  lake  to  the 
south.  It  was  made  up  of  till  with  eoormoas  striated  bowldeis,  rounded  gravel,  and 
peat.  It  was  eovesed  with  grass  esoept  in  places  wlwre  eracks  interrupted  and  upon 
it  were  a  few  trees,  most  of  them  dead  or  dying,  as  a  result  of  the  advance  of  1892. 
These  trees  rode  fon^'ard  on  the  back  of  the  moraine  from  1909  to  1910,  maintaining 
their  relative  positions  but  slanting  at  different  angles.  As  already  .stated,  a  number 
of  peat  rolls  were  added  during  this  period  of  advance,  the  whole  heath  which  sloped 
forward  in  front  of  the  moraine  in  1900  being  destroyed  before  September,  1910.  In 
somie  plaoss  two  or  three  peat  rolls  were  added  between  July  and  September,  1010. 
Some  of  these  arches  of  peat  were  six  feet  hi^  running  parallel  to  the  tenninal 
moraine.  In  a  few  cases  the  pressure  had  resulted  in  closing  up  the  folds  to  tightly* 
packet!  isoclinal  structures,  in  others  tlie  arches  had  cracked  across  their  axes,  reveal- 
ing the  internal  structure.  The  lake  in  front  of  this  portion  of  Uie  ice  front  was  of 
about  the  same  size  in  1909  and  1910,  but  of  different  ahape  and  of  slightly  greater 
depth  when  the  1010  observations  were  made. 

At  the  eastern  end  of  this  heathy  meadow  was  a  group  of  overturned  and  indined 
twee,  some  dead  and  a  few  living.  These  merged  into  the  eastern  timber  belt.  Through 
this  grave  eatended  a  push  moraine  made  up  of  an  intricate  jumble  of  till,  gravel. 
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stones  aad  trae  tninks,  the  latter,  some  of  wbkh  wtn  ovgr  two  feet  in  diameter.  be> 
ing  Inverted,  pfostntet  IneliMd,  or  hughmhig  to  be  overtuned.  AgMnst  tidi  WMoaim 
tiio  ice  diff  of  the  glacier  extended  doeely  in  Itwa  (PL  CX,  A),  bcLig  at  leMt  ae  fv 

oat  as  tlie  advance  that  killed  the  trees  in  1892,  and  perhaps  a  little  farther.  The 
leader  terminated  against  this  push  moraine,  above  which  it  towered  precipitously, 
but  it  was  not  so  severely  crevassed  that  one  could  not  \\  alk  out  a  short  distance 
upon  its  surface.  At  one  point  we  could  enter  some  of  its  larger  crevasses  and  see  the 
deep  blue  of  the  ioe  from  within.  The  dirty  basal  ice  projected  farthest  in  this  area, 
tbflfe  being  no  pnjeeting  spfintera  of  dear  ui^er  ioe  thnist  forwaid  among  theee  trees, 
ae  there  were  in  the'westem  timber  belt 

Outside  the  push  moraine,  in  the  tangle  of  tree  trunks,  there  were  a  few  rolls  of  peaty 
soil  with  shrubs  and  other  plants,  still  groT^nng  in  1909,  although  often  at  right  angles 
to  their  normal  vertical  position.  One  such  roll  was  a  tj-picai  anticline  overturned  on 
the  side  away  from  the  thrust,  whose  effect  here  was  felt  at  least  100  feet  from  the  ioe. 
Few  of  the  growing  treee  wttdi  were  not  affected  by  the  1892  advance  had  been  over- 
tamed  in  Avgnat,  1M0. 

At  the  eastern  end  of  this  forest  Itdt  n  aaell  pod  was  hdd  in  bebreen  tibe  iee  hmk 
and  the  rodiy  slope  of  the  higher  part  of  the  island  (PI.  CX,  B),  and  its  outlet  flowed 
mstward  through  the  edge  of  the  forest  to  the  small  pond  near  the  heath  mentioned 
above.  Out  of  this  east  pool  rose  a  series  of  overturned  and  compressed  folds  of  peaty 
soil  on  the  extreme  eastern  cd^e  of  the  belt  of  overturned  trees.  On  the  opposite 
(east)  side  of  this  pool  the  glacier  had  pushed  up  a  fonner  sea  bottom  deposit  of  clay 
wiUi  dnmdani  nuutine  didii* 

In  1010  the  whole  dtnatioB  was  changed,  owing  to  tbe  advanee  of  tho  giaeier.  A 
few  of  the  inclined  trees  were  recognizable,  but  the  ioe  front  had  advanced  eevetal  Imi- 
dred  feet  into  the  growing  forest  and  had  heaped  up  among  the  growing  trees  a  ter- 
minal moraine  mass  of  tree  trunks,  soil,  rock,  and  vegetation  (PI.  CVI,  B).  It  rose  to  a 
height  of  SO  or  40  feet,  at  least,  where  ten  months  before  there  had  been  no  surface  ac- 
cumulation. Above  this  heap  rose  the  inclined  trees  in  a  confused  thicket,  with  trunks 
pointing  at  eveiy  ooucdvaMe  an^  The  growing  treee  in  tiiiseastemtiinber  belt  had 
not  been  ovenidden  aad  buried,  as  in  the  western  timber  bett,  nor  padiodforw 
ont  being  overturned,  as  waa  llie  case  with  the  eeattewd  trees  on  the  intermediate  piiA 
moraine  back  of  the  heathy  meadow.  All  of  them  were  ovenv'helmed  by  the  advancing 
glacier,  but  only  a  few  were  overridden,  while  most  were  heaped  up  in  the  ■windrow  of 
forest  debris,  whose  edge  advanced  steadily  into  the  growing  forest  from  July  to  Sep- 
tember, 1910.  Some  distinctive  blackened  tree  trunks,  which  had  been  killed  previously, 
dumged  position  from  August  1900^  to infy,  1010^  not  onfy bjlorward  movenent  baft 
by  being  lifted  v«rtaeaU|y  80  or  40  feet 

Along  eastern  edge  of  this  for^  belt,  in  1910,  the  site  of  the  little  pool  observed 
in  1909  was  overridden;  and  the  glacier  had  advanced  to  the  edge  of  a  high  })ank  which 
was  a  hundred  feet  or  more  from  the  ice  the  year  before.  As  yet  there  were  no  pu^h 
moraine  or  tangle  of  tree  trunks  at  the  margin  of  the  glacier,  which  had  advanced  across 
a  dear  space  formerly  occupied  by  the  eastern  pool  and  by  a  marginal  stream  course. 
In  Jvfy  aad  September*  1010^  however*  tlie  foNst  was  just  being  invaded  fagr  tiie  ioe. 
One  tree  wiildi  mw  eeven  faet  from  tlie  ioe  on  Jvfy  eth  waa  toadied  by  the  ginder  on 
July  Oliit  the  advance  being  H'wtA'i^y;  and  before  Sepleadier  5th  this  tree  waa  oiVBr> 
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ng^abodng  UH  showed  an  advance  here  of  SO  feet  from  July  Sth  to  September  5th*  th« 
nte  being  slower  than  in  July,  probably  because  the  glacier  was  advancing  up  a  ste^ 
slope  during  the  latter  period.  On  September  5th  the  ice  edge  wai  Quify  18  feet  fnoi 
the  tree,  which  is  blazed  on  the  side  away  from  the  glacier. 

The  remainder  of  tliia  potion  of  the  ice  edge  was  bordered  in  1910  by  a  strip  of  mud, 
covering  the  tenninus  of  the  i^bder.  Thexe  was  a  series  of  mud  flows  of  TBtyiag  li- 
qnidity  dqiendiiig  190B  tiw  aaMVBt  cl  watarfnm  then^^ 

eat  into  the  bmdos  ci  the  fonsi*  oferwhefaning  the  shrubs  and  rising  up  aioiiiid  tibt 
trunks  ol  the  trees.  Near  the  eastern  edge  oi  the  timbflr  belt  the  mud  flows  were  crowd- 
ing in  against  a  high  bank,  tiamg  wbick  thqr  nae  apfmdably  higher  in  September 

than  in  July,  1910. 

In  the  cove  between  the  eastern  end  of  Heather  Island  and  the  small  island  to  the 
north  of  it  the  Racier  ended  in  a  low,  dirty»  sloping  front  instead  ol  in  a  dean,  predpi- 
tooaelif.  Ha  actual  terminus  was  vpen  morainie  Aoals  tmd  tidel  mad  flats  ao  that 
tta  w«lar  esnia  vp  om  Hia  end  of  tha  Racier  at  hi^  tide;  but  at  low  tide  the  oova 
had  ao  water  eacept  a  narrow  shallow  stream  flowing  dawii  the  middle.  Near  the 
cier  were  many  mud  flows,  and  the  whole  cove,  or  lagoon,  was  floored  by  fine  glacial  mud 
across  which  it  was  possible  to  walk  at  low  tide.  Scattered  through  it  were  a  few  bowlders 
dropped  by  icebergs  which  floated  in  the  cove  at  high  tide,  and  upon  its  surface  there 
were  ieeberg  pits  and  long*  sinuous  trails  left  by  the  dragging  of  iodbergs  durLog  the 
rimg  and  foUing  tide.  None  of  theee  kebeigs  w«ro  disdun^  from  this  part  of  tke 
glacier  but  floated  in  from  the  larger  bay  to  the  east  Numerous  small  streams  eeaerg- 
ing  from  tiUb  pari  of  the  fbder  were  helping  to  fill  the  cove  with  ^adal  mud. 

This  cove  was  narrowed  considerably  by  the  advance  of  the  glacier  from  August, 
1009,  to  July,  1910,  and  from  the  latter  date  to  Se^ptember;  1910,  as  the  three  photo- 
graphs of  PI.  CXI  clearly  show. 

That  this  part  of  the  ioe  foont  extended  farther  out  a  number  of  years  ago  is  indi- 
eatad  bgr  a  iiwrainin  islaiid  eKtendiag  at  light  aaglsa  to  the  present  glaeier  teimimia 
and  not  now  covered  at  high  tide.  It  has  no  trees  or  other  vegetsliogi,  ezc^t  annual 
plants,  and  is  the  only  land  doae  to  the  ioe  front  that  has  ndther  trees  nor  thidc  heallMr; 
but  the  annual  plants  that  grow  upon  it,  show  that  the  tide  does  not  rise  over  it  now. 
Gilbert  says  *  that  in  1899  "a  bank  also  extended  eastward  from  the  island  against  which 
the  ice  front  rested,  constituting  at  low  water  a  stony  cape  half  a  mile  long  near  the 
foot  ci  the  ioe  diff.'*  His  desecq>tion  and  photograph  do  not  harmonise  with  our  ob- 
ssrvationa  in  1900,  for  the  bank  was  sordy  an  islawl  then.  It  is  possible  that  this 
part  of  the  leader  has  advanced  to  the  island  sinoe  18M»  lor  no  other  eause  for  raising 
it  above  high  tide  is  poswibi^  OBDSpting  iqilift.  Recent  advance  to  the  morainie  island 
is  indicated  by  the  presence  of  a  sinuous  ridp;e  of  gravelly  material  on  the  side  next 
the  ice  front.  This  deposit  may  possibly  represent  either  an  esker  or  a  push  moraine. 
The  latter  seems  the  more  probable,  for  in  July,  1910,  the  advancing  ice  front  was 
building  a  low  push  monune  with  a  series  of  minor  lobes  which  liad  narrow  crests  and 
f  ■  tnmsL  •*«*»*^**'  to  tiioea  in  the  hidher.  sinnons  Amttmit.  ol  older  data. 

b  front  of  the  iea  tliere  was  a  broad,  kyw  aidi  of  stiff  mud  wHh  maiino  shdis,  pudied 
up betnaaen  August;  IINN^  andJunc^l910,acroaBw]iiehananleoed6nt  atvesm  hadouta 
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nanov  golly,  deepest  «t  the  ardi  of  tbe  ufdift,  yAen  fSuat  ms  a  fittk  cueada.  Ife 
niiole  aich  is  100  feet  or  so  in  width. 

That  iceb^gs  were  formerly  discharged  in  this  cove,  when  the  glacier  extended  out 
farther  than  now,  and  the  water  was  not  yet  so  shallowed  by  deposition,  is  indicated 
by  an  abandoned  wave-cut  cliff  on  the  Heather  Island  side  of  the  lagoon.  At  tlie  top 
of  tliis  cliiT  were  trees  fifty  to  seventy-five  years  old;  but  the  face  of  the  cUfT  is  partly 
covered  with  a  growth  of  peat,  growing  in  which  and  at  the  base  of  the  cliff  were  trees 
fuUy  twenty-five  years  old.  The  cliff-cutting  had,  therefore,  eeaaed  over  tmnlg^flve 
years  before  1900. 

It  is  not  known  exactly  what  changes  in  detail  took  place  in  this  part  of  the  tmnnas 
of  Columbia  Glacier  between  1899  and  1908,  but  between  1908  and  late  August,  1909, 
there  was  sufficient  advance  of  the  terminus  so  that  the  details  shown  in  Grant's  1908 
photographs  were  entirely  destroyed  by  August,  1909.  Marked  thickening  of  the  ice 
in  this  part  of  the  terminus  i^  demonstrated  by  a  comparison  of  the  Gilbert  photograph 
from  the  islet  north  of  HeatharUand  in  1800,  with  Giant's  1005  and  1006  pbotographs 
from  the  same  site.  These  Aom  that  there  was  not  only  an  advance  and  *!»■«*— 
between  1809  and  1905  but  that  the  advance  ceased*  the  ice  thinned  again  by  aUatioa 
and  was  again  thickened  by  advance  between  lOOff  and  1000^  the  thickening  ^"^■""■^ 
very  markedly  in  1909  and  1910. 

In  Gilbert's  1899  photograph  (PI.  CVI,  A)  the  part  of  the  ice  front  beyond  the  eastern 
timber  belt  shows  as  a  low,  irr^ular  surface,  completely  mantled  by  debris.  In  Grant's 
1005  photograph  (PL  CVII,  A)  this  area  is  ocaqiied  by  crevassed  ice.  at  least  fiflarlset 
thicker  than  in  1800,  judging  by  the  hei^t  to  vdiidi  it  rises  upon  the  nearer  incBncd 
tree  trunks  through  which  it  shoWB.  It  may  be  even  thicker.  Following  tiiis  advance 
and  thickening  there  had  been  some  ablation,  for  the  terminus  was  again  partly  man- 
tled M-ith  debris  and  the  crevasses  partly  healed.  This  advance  had,  therefore,  ceased 
before  1905  and  had  not  extended  out  any  farther  than  the  1892  maximum,  as  sho\\"n 
by  stones  in  the  foreground  of  the  1899  and  1905  pictures  and  by  Grant's  measure- 
ments of  the  Ntieat  of  the  ice  front  several  hundred  yards  to  the  west  Compariann 
of  Grant's  1005  and  1006  photographs  show  that  the  retreat  continued  souie  time  after 
1005,  tot  the  soiface  seen  through  the  trees  was  lowered  very  considerably  by  ablation 
between  1905  and  1908,  though  still  thicker  than  in  1890.  The  surface  to  the  left  of  the 
trees  in  the  1008  pliotograph  (PI.  CVII,  B),  shows  a  great  crevas«!ed  dome  of  clear  ice,  in- 
dicating that  a  new  advance  was  then  in  progress,  this  being  also  shown  by  the  advance 
of  the  glacier  margin  as  measured  by  Grant.  The  thickening  between  1905  and  190S 
cannot  be  determined  dosdy,  for  we  do  not  know  how  mudi  lowering  by  ablation  there 
was  after  1005  and  before  llie  1006  advance  began;  but  it  was  evidentiy  not  lem  tlian 
fifty  or  seventy-five  feet,  and  may  have  been  much  more.  This  1908  advance  con- 
tinued into  1909  and  1910,  being  observed  by  Grant  in  June  (PI.  CVIII,  A)  and  by  the 
National  Geographic  Society's  expedition  in  August,  1909,  and  on  our  two  visits  in  1910. 

Thickening  and  forward  movement  of  this  part  of  the  terminus  is  also  shown  by 
comparing  Gilbert's  1899  photograph  from  the  1497  foot  station  (1)  on  the  hillside  to 
the  east  with  our  own  taken  in  August,  1000.  Fkojecting  the  tenninus  in  the  two  plio- 
togrsphs  forward  against  the  islands  nmth  of  Heather  Island  it  is  evident 
map  that  the  net  advance  in  the  last  ten  years  is  approximately  fivennxteenths  of  n 
mile  or  about  1000  feet.  It  is  not  known  how  much  of  this  was  betwem  1800  and  100ft 
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and  how  miirli  Wotween  1905  and  1909,  nor  how  much  should  be  added  for  readvance 
after  coutiuuation  of  Uie  retreat  that  was  in  progress  in  1899.  Between  August,  1909, 
•ad  Jni^,  1910»  there  was  additional  advance  here  of  about  165  feet,  followed  by  addi- 
tional advMMse  fnnn  JFuly  to  September,  1010.  At  tho  advanoe  on  tbe  western  margin 
is  at  least  1700  feet  an  advance  of  over  1600  feet  near  the  middk  ol  the  gbder  during 
this  decade  is  not  abmnmaL  It  suggests,  of  course,  that  there  was  similar  greater  r^ 
treat  and  readx  anco  on  the  north  of  islet  Heather  Island  and  that  the  table  based  on 
Grant's  measurements,  should  be  amplified  as  follows: 


Dale  oj  Ob$ert>ati<m 

Natun  qf  Change 

Advance 

18M  (probably)  to  July  «5-7,  1800  

Retreat  > 

Retreat  continued 

Advance 

Retreat 

Retreat  continued 

Third  unknown  date  to  July  15,  1006  

Advance 

July  15,  1908,  to  June  24,  1909   

Advance  continued 

Jane  24,  1000,  to  August  23,  1000   

Advance  continued 

AqgurtSS,  1000,  to  July  4, 1010  

Advance  continned 

hdy  4, 1010,  to  Sq>tember  5. 1010  

Advance  continued 

Tkt  Batltm  lee  Cliff,  The  eastern  ice  cliff  of  Columbia  Ghicier  extends  from  the 
moffaime  islet  in  the  cove,  described  above^  nortfaeastwaid  to  the  mainland.  It  b  s 
mUe  and  a  quarter  in  length,  voy  sinuous,  and  rises  approximatdy  two  hundred  feet 
above  the  water  in  a  pinnacled  and  crevassed  cliff  whose  white  or  blue  clearness  is  not 
obscured  by  morainic  load  except  for  certain  Ma*  k  basal  layers  and  a  lateral  moraine 
strip  on  the  east  near  where  the  glacier  rem  hes  the  mainland.  This  eastern  clilF  changed 
veiy  decidedly  from  1909  to  1910.  In  the  former  year  it  was  almost  exactly  as  in  1899, 
1005,  and  1006;  evidently  rising  out  of  shallow  water  and  resting  on  bottom,  for,  al- 
thoi^^  the  cfiff  was  precipitous,  there  is  no  great  activity  of  ioebeig  diflcl^^  AH  the 
bergs  were  small,  and  all  were  apparently  dndiaiged  hy  sUduig  down  the  ice  front. 
Riotographs  taken  from  Gilbert's  1497  foot  station  (T),  on  the  hillside  to  the  east  dunr 
that  this  part  of  the  eastern  i'-e  cliff  advanced  slij^'htly  between  1899  and  1909. 

In  1910  the  ice  cliff  had  advanced  150  or  iOO  feet  more,  pushing  up  a  terminal  mo- 
raine ill  front  of  it  so  that  except  in  tlie  western  half  mile  no  part  of  the  eastern  ice  cUff 
ended  in  tidewater.  Even  the  western  portion  did  not  reach  the  bay  proper  but  ended 
in  a  cove,  for  the  tidal  diff  is  fronted  by  the  low  barren  islet  previously  aUuded  to.  Here 
the  water  is  evidently  deep  and  small  icebergs  are  occasiooally  <&efaMged.  The  water 
in  front  of  the  eastern  haU  of  the  diff  b  shallow,  being  only  57  feet  deep  at  a  distance 

iPerhapa  in!  iiniilrii  lij  ■  tfglil  iwiilTsnfili.  lliiilll  ItlBT  ill  Ulim.  ■Hflnriiiil liji  lliii  wiwll  iiimi  |iiwli  Miiishii 

observed  by  Gilbert  in  1899  on  the  western  stion^  of  l!ie  buy,  on  the  islet  north  of  Heather  Island,  and  on  the 
aMunliind  to  the  east.  The  fluted  ground  moraiue  beside  Ueatber  Island  tenniaus  alao  auggests  aa  advance 
brtwwn  M«  sad       as  GflbertMys  (Op.  dt,  p.  78). 
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of  a  half  mile,  and  even  shallower  near  the  glacier,  which  has  therefore  been  aUe  to 
plough  up  the  nnidoltiie  se»  bottom  into  the  nmr  ftenniiiol  manSaub  thttt  ttm  abon 
the  bar  >n  I'lO-  ^  ^  eostem  batf,  thereloie^  no  ioebeiii  weie  SaAmefsoA,  ao  «u 
Ihib  case  in  1900*  and  a  few  streams  flowed  into  the  bay  across  the  mud  moraine.  Only 
on  the  extreme  eastern  edge  of  this  ice  cliif  was  the  new  terminal  moraine  made  up  of 
anything  but  mud.  There  the  beach  gravels  were  being  pushed  up  into  a  ridge  200 
feet  lonj?,  130  feet  wide  and  20  feet  high,  and  filled  with  mussel  and  other  sliells,  with 
barnacles  attached  to  pebbles,  and  with  seaweed.  In  front  of  this  push  moraine  were 
ttne  foUi  of  Hw  ooupaet  dagr,  fonning  ridges  paraDd  to  the  front  ol  tbe  inoniw 
againat  iriiidi  the  ioe  waa  advancbg.  Tlie  one  neamt  the  puib  nunrauie  waa  bieaciied 
asially  at  the  crest. 

Between  July  2  and  September  6,  1010,  there  was  sufficient  advance  along  this  margin 
ol  the  glacier  to  dam  hack  a  portion  of  the  tide  flats  of  early  summer  into  a  small  lake. 

The  Lobate  Eastern  Margin.  The  eastern  margin  of  Columbia  Glacier  is  a  sinuous 
lobate  terminus  ending  on  high  and  low  land  of  the  alternating  rock  hills  and  plains. 
Akng  Ibis  eaaten  macgiB  Gilbert  desoibed  phennmemi  in  18M  limihr  to  tboae  wbieb 
be  observed  on  Heather  Idand.  ''There  was  an  inner  push  nMtaine»  dudly  orvbo^f 
of  drift  and  ruoning  paiallel  to  the  ice  margin.  There  was  an  outer  push  moranMb  lees 
tegular  in  its  distance  and  associated  with  disturbance  of  the  forest  and  the  meadow 
peat.  In  the  tract  between  the  two  many  prostrate  trunks  were  seen,  showing  that 
in  places  tlie  front  of  the  forest  had  been  crowded  back  several  hundred  feet.  Many 
of  the  trees  that  were  overturned  but  not  overridden,  retained  their  bark,  branches,  and 
even  minor  twigs,  but  the  leaves  had  faOen.  On  distuibed  forest  soil  Coville  fomd 
three  yonng  spmoes  whidi  had  grown  since  tbe  catastroidw.  In  eacb  case  the  age^ 
as  diown  by  lings  of  growth,  was  seven  years.  The  date  of  the  iee  nuudiuiuu  was  tbere- 
fore  not  later  than  1892  and  may  have  been  that  year." 

We  do  not  know  the  behavior  of  this  margin  during  the  earlier  oscillations  described 
for  the  Heather  Island  and  western  termini.    Advance  had  taken  place  here  before 
June,  1909,  however,  for  Grant  states  that  "on  the  eastern  edge  of  the  glacier  there  was 
a  aone  of  perhaps  tM  llsel  betwasB  the  maoBMim  advanee  in  leoent  7^ 
aBdlbelionteflbeioe."^ 

On  Augost  Hf  1800,  the  National  Geogrfq>hic  Society's  expedition  was  able  to  com- 
pare the  exact  conditions  along  the  lobate  margin  with  those  ten  years  before.  We 
climbed  the  spur  east  of  the  glacier  to  Gilbert's  plane  table  and  photograph  station 
(Sta.  I),  at  an  elevation  of  1497  feet;  and  we  also  walked  some  distance  along  the 
maiginal  stream  and  lake  southeast  of  the  glacier,  but  did  not  walk  over  any  of  the 
l^acier  edge  itself . 

On  oonqpaiing  the  photogrsphs  from  this  spar  taken  by  GObert  on  Jane  S8, 1889^* 

with  the  conditions  on  August     IMO,  we  found  the  following  changes.  At  the  margin 

of  the  eastern  ice  cUfT  there  was  an  advance  southwestward  into  the  bay  which  we  esti- 
mate to  be  between  1000  and  1500  feet.  There  was  a  broadening  of  the  glacier  by  sev- 
eral hundred  feet,  as  also  shown  by  Grant's  observation  in  June,  1909,  but  in  August 
the  ice  margin  had  as  yet  not  extended  to  the  maximum  of  1892.  In  places,  however^ 
it  was  within  a  short  distaaoe  of  the  foiest 

•  FenoiuJ  iirmmiinii^tiwii 

•BiVndeBad  M IIMB IX,  BMu  Ahifai  BipeditiiM,  Td.  m 


Digitized  by  Google 


COLUMBIA.  GXACIBB 


Th»  lobtte  ioe  nuvib  qneadi  oat  in  tlie  depwiriwH  bctwMOi  ft  tofieft  ol  rodk  hiflfl 
■long  tlie  eastern  mai^  ami  rides  up  on  the  rides  of  the  hills.  The  pooitioii  of  the  18M 
advance  was  clearly  marked  along  this  whole  margin  but  the  ice  did  not  extend  quite 
up  to  the  windrows  of  prostrate  and  inclined  trees,  though  since  1899  it  had  advanced 
several  hundred  feet  and  overridden  the  sites  of  several  small  ponds. 

During  the  last  week  in  June  and  the  first  week  in  July,  1910,  we  observed  the  con- 
ditions along  this  lobate  east  margin  in  detail.  There  had  been  an  advance  of  two  or 
three  handled  feet  so  that  the  ioe  was  op  to  or  just  begrrad  the  1802  nuudmum,  having 
fompletely  covered  the  banen  Mne^ 

Just  east  of  the  temunal  moraine  thrt  IkoBla  llie  eastern  ioe  cli^^ 
months  before,  was  an  area  of  low 
treeless  morainic  lulls  made  up  of 
glacial  deix)sits,  in  places  resting 
upon  rock  ledges.  In  1910  the 
glacier  was  iJonghing  fotwid  in» 
to  this  dqxMBt  and  had  dgy  doped 
«  aenei  of  minor  lobes.  Thne 
was  no  pronounced  terminal  mo«> 
raine  at  the  ice  edge  but  there 
was  a  low  push  moraine,  two  or 
three  feet  high  in  places.  The 
ghcier  was  evidently  crowding 
the  wfaole  deposit  forwaid  against 
tlie  rock  slope  to  the  southeast. 
Locally  near  the  ice  edge  folds  of 
peaty  material  had  been  rolled 
up,  but  throughout  most  of  the 
area,  there  was  no  covering  of 
peaty  aoQ  opon  the  gboial  till 
«hI»  tiicnlom,  no  folding. 

Diemassof  till  had  been  pushed 
forward  against  the  rock  slope  to 
the  south  and  had  then  bulged 
upward,  damming  back  the  stream  into  a  new  lake  (Fig.  34),  at  whose  outlet  there 
was  a  foaming  waterfall  10  feet  high  in  June,  1910,  where  there  was  none  in  August, 
1M9.  Hus  lake  loee  hi|^  enough  to  anbmeige  trees,  ihnibs,  moss,  and  tnif  that  in  tlie 
fan  of  1900  were  growing  high  above  the  water.  Other  evidence  of  the  balging  opwaid 
of  HboM  tin  mass  was  the  presence  of  marine  shells  and  aeaweed  on  top  of  a  hillock  beside 
the  waterfall,  24  feet  above  high  tide.  These  shells  were  within  the  reach  of  the  tide 
ten  months  before,  for  at  high  tide  in  1909  salt  water  went  up  the  river  a  quarter  mile 
above  tlie  site  of  the  waterfall  of  June,  1910.  It  was  a  narrow  estuaiy  at  high  tide  and  a 
narrow  stream  at  low  water. 

Hie  Bttif  ace  of  this  whofe  disturbed  am  was  gaahed  by  gaping  cracks,  moot  of  which 
wen  diallow,  doe  to  the  eonq»eiidon  and  iqiwaid  swdHng  of  tiM 

from  the  advancing  Racier.  A  majority  of  the  cracks  extended  at  right  angles  to  the 
IkoBt  of  tlie  glMaer,  that  ia  paianel  to  tbe  divectaon  ton  which  the  ftiain  was  being 


Fro.  94.  PoBTios  or  Lobatb  Eastern  Mabgin  or  CoLnuBiA 
GiiMnB,  SHowufQ  Naw  Laxb  Fobmxd  BsnnBBM  Avaxm, 
IMk  M»  tmm,  1910. 


His  is  on  aite  of  "large  glacial  river"  on  Gnat  sad  Hkgiiu 
BHD  (Rg.  SI)  bmkU  ia  Jva^  1800.  At  a  vas  aa  shuiiMwd 
ffvcr  eoone  M  feet  abov^liUi  tide  tn  Jim,  ItlO.  sad  muiaa 

fossils  were  found  on  top  of  hill.  Dotted  lines  enclose  area  of 
cracka  near  waterfoU  where  advance  was  pushing  up  a  dam  of 
shMial  tn  ISM. 
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applied.  Many  ct  them  wen  meitfy  due  to  the  cracking  of  the  thn^  gUMy  cover  of 
the  till,  and  across  quite  a  number  still  extended  fine  threads  of  grass  roots  which  had 
been  drawn  out  as  the  turf  on  either  side  was  stretclied  and  broken.  The  whole 
arrangement  was  characteristic  of  an  cxi)anding  mass  whose  lurf  (>over  fitted  it 
before  the  strain  was  applied  but  which  had  since  bulged  upward  so  that  the  turf 
covering  was  too  moll. 

Ov<er  the  top  of  the  S4-foot  hiliock  whidi  dammed  bMk  the  hOw  ran  the  nhMidtMied 
chtimel  (a.  Fig.  34)  of  the  marginal  stream  of  1909,  its  site  marked  by  rounded  streMii 
gravels  and  by  the  absence  of  vegetation.  In  late  June  and  early  July,  1910,  the  stream 
course  at  the  outlet  of  the  lake  wa.s  at  the  outer  edge  of  the  till  maas  where  it  was  being 
pushed  up  against  the  mountain  side. 

It  was  also  evident  that  there  had  been  several  minor  lake  stages  preceding  the  current 
one,  for  on  the  lakewaid  slopes  of  the  84-lbot  hillock  wen  mhrate,  abandoned  ahove* 
fines.  Thcjy  wiere  not  hon«mta],  however,  but  ineUned. 

The  contittuation  of  this  crowding  forward  of  the  till  dam  Desalted  in  several  changes 
in  drainage  and  topography  along  this  part  of  the  glacier  margin  between  July  2  and 
September  6,  1910.  Several  of  the  minor  lobes  advanced  20  to  40  feet  and  there  was 
much  more  fracturing  of  tlie  turf  tlian  in  July,  the  turf  was  l)eing  pushed  out  into  the 
river  just  below  the  falls  where  there  was  only  a  mud  shore  in  July,  the  course  of  the  lake 
outlet  was  changed,  the  ten-foot  waterfall  of  early  summer  being  abandoned,  the  Inka 
levd  had  been  lowerad  slii^tly  by  the  downcutting  of  tiie  new  outlet  whidi  had  two 
channels  instead  of  one.  These  channds  had  cut  away  a  laige  part  of  the  M-f  o<  >t  hillock^ 
destroying  portions  of  the  abandoned  IfNW  stmam  counet  and  the  new  waterfaUi  mn 
only  5  or  6  feet  high. 

The  site  of  GillxTt's  1899  photograph  of  the  glacier  margin  described  on  p.  ^76  was 
immediately  north  of  the  marginal  lake  just  described.  In  June,  1910,  the  ice  had  ad- 
vanced dear  to  the  18M  maadmmn,  several  of  the  prostrate  trees  kOled  at  the  cai&r 
date  being  stall  leoognisable;  bat  by  September  they  had  been  overridden.  Along  lUa 
portion  of  the  glacier  margin  the  windrows  of  dead  trees  killed  in  1892  were  still  undis- 
turbed in  August,  1909.  They  lay  in  regular  piles,  generally  with  their  tops  pointing 
away  fn>m  the  glacier.  In  Juno,  1910,  the  ice  had  advanced  up  to  many  of  them  and  they 
were  hca|x'd  up  in  irregular  masses,  fonuing  a  tangle  of  wood,  turf,  and  rock  dtibris  in 
one  place  75  or  100  feet  higli. 

The  changes  along  this  margin  of  the  glacier  will  not  be  described  in  detail,  althoaglk 
shown  in  several  photographs.  It  is  enou^  to  say  that  there  were  great  changes  tnm 
August,  1900,  to  June,  1910,  and  from  then  to  Septeml>er,  1010.  The  changes  varied, 
depending  on  whether  tlie  ice  was  ploughing  up  turf  or  forest,  and  whether  it  was  ad- 
vancing up  a  hillslope  or  down  a  declivity.  All  of  t  he  barren  zone  which  Gilbert  described 
in  1890,  was  overridden  in  1910,  .so  that  forest  not  touched  in  1892  wai-s  then  being  de- 
stroyed ail  along  the  margin,  excepting  |K>.s.sibly  on  a  tenuiuul  moraine  described  later. 

lliere  were  two  lower  lakes  along  the  eastern  maigui  of  Cdambia  Glader.  In  1000 
the  lower  or  westernmost  and  smaller  of  these  extended  eastward  horn  a  low  watatfaD 
over  a  rode  ledge  a  quarter  of  a  mile  east  cf  the  till  dam  pushed  up  in  1910.  Below  thb 
there  was  no  lake  in  1909,  and  as  already  stated,  tidewater  then  extended  up  to  these 
falls,  three  quarters  of  a  mile  from  Columbia  Bay.  Tlie  till  dam  of  11)10  made  a  new 
lake,  both  longer  and  deeper  than  the  older  one,  covering  the  site  of  it  and  of  the  low  water- 
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fall  alluded  to.  In  1910  the  edge  of  tlie  advancing  glacier  extended  into  this  new  lake 
in  twD  lobet  A  abort  dirtaiiee  apart 

Aft  the  wertem  end  ol  tlie  npper  and  larger  lake,  which  remained  undbanged  in 
18M,  IflOO*  and  1910,  there  ia  a  hi|^r  waterfall  over  rock.  In  this  upper  lake  the  leader 
aaigin  tarns  from  its  northeast  trend  and  continues  northwestward.  Here  the  1802 
maximum  wa-s  marked  by  a  low  cres<'ontic  moraine  from  wliich  the  glacier  had  retreated 
so  far  in  1899  that  there  was  a  line  of  eres<-entic  ]>ools  between  the  moraine  and  the  ice 
front.  The  readvance  at  this  point  in  1909  had  extended  out  across  the  site  of  these 
poola  and  out  to  the  18M  tenninut.  We  ertimstod  the  advmee  in  this  kbe  to 
be  neailyn  quarter  of  a  mile.  Between  August  84, 1900,  and  Jnne  80, 1910,  the  contimied 
advance  of  this  lobe  carried  it  out  about  800  feet  and  there  was  a  lateral  qmading  east- 
ward of  S30  feet.  The  1892  moaaiiie  was  completely  overridden  in  places,  so  that  the 
ice  extended  into  the  lake  in  three  minor  lobes  where  none  reached  the  water  ten  months 
before.  This  was  also  true  in  another  minor  lobe  to  the  .southwest.  An  interesting 
httle  delta,  evidently  built  in  this  lake  in  1892  when  the  cre.scentic  moraine  was  made, 
diows  in  Gilbert's  1899  photograph  as  a  small  abandoned  delta  with  no  streams  except 
the  small  outlet  of  a  marginal  lahelet  In  August,  190^  the  ice  extended  neariy  up  to  the 
delta,  thoui^  not  far  enough  to  send  streams  acffoas  it;  but  in  June,  1010,  the  advance 
had  brought  the  ioe  up  to  it,  and  outwadi  stieams  wtn  once  moce  building  it  fofwaid 
into  the  large  lake. 

Along  the  more  di.stant  lobes,  that  proje<  t  aj^ainst  the  forested  rooky  knobs  still  farther 
northward,  holding  marginal  lakelets  tiiere,  the  ice  -seemed  in  1909  to  extend  right  up  to 
the  forest  and  had  apparently  quite  equalled  in  extent  the  earlier  great  advance  in  1892. 
In  1010  tlMse  had  him.  additional  spveading  of  the  glader  so  that  several  of  these  lobes 
had  advanced  200  to  400  feet  into  the  forest. 

Along  this  lobate  border  there  were  many  modifications  in  1909  and  1010.  The 
glacier  had  thickened,  crevassing  had  sliced  up  ice  that  was  smooth  in  1899,  and  the 
distribution  of  moraine  upon  the  margin  had  changed  somewhat  from  1899  to  1909. 
Allhou^'fi  tiien'  was  more  crevassing  in  1910  than  in  the  previous  year  the  distribution 
of  marginal  ablation  moraine  was  about  the  same. 

I!lieggestlobe^ogdistributaiy,ea8tof  titennnsfalr,  underwent  no  appreciable  change 
boat  1800  to  1010  and  we  assume  that  it  still  coalesces  with  the  main  glacier  below  the 
nunatak,  as  Paladbe  observed  in  1899.  We  saw  this  distributary  from  too  great  a  dis- 
tance to  be  sure  as  to  the  detailed  conditions  in  1909  and  1910,  but,  as  the  topognqphie 
map  .shows,  it  touches  the  main  glacier  but  contributes  no  ire  to  it. 

The  drainage  of  tlie  ea.stern  margin  of  CoIuml)ia  Glacier  shows  an  interesting  alter- 
nation of  complex  conditions.  The  streams  emerging  from  the  eastern  glacier  distrib- 
utary, joined  by  the  drainage  Irom  the  eastern  maij^  of  the  main  ^mcSet  south  of  the 
big  nunatak,  and  by  smaller  straams  htm  small  mountain  ^aciesrs  on  the  east,  fbwed 
southward  into  a  lake  am<mg  the  rocky  hills  east  of  the  main  leader.  This  lake  was 
nearly  filled  by  a  delto  of  outwash  gravels  which  grew  forward  appreciably  between  1899 
and  1009.  From  this  upper  lake  the  marginal  stream  flowed  southward  tlirough  the 
rocky,  forested  hili.s  east  of  the  glacier  into  the  long,  crooked,  upper  lake.  The  main 
mountain  wall  formed  one  shore  of  this  lake,  and  the  moraine  bordering  the  minor  glacier 
lobe  that  advanced  a  quarter  mile  between  1899  and  1909,  formed  the  other.  Into  this 
mnddy  lake  floiwed  numerous  tuibid  stieams  Irom  the  glacier,  some  of  iribdch  built  ddtas. 
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Bdofr  iiiit  h]D»  Ike  itwun  «oan»  was  patUgr  maigiiuJ  to  the  preBent  ioe  ahflci  for  ft 
abort  distance*  then  canw  several  sectknu  in  bf^^ 

MOM  wateif  aUs,  aUmuitiiig  nith  bvoMler,  lake-like  aeetioas  wiieie  odj  the  outer  moraine 
aepantad  the  stream  from  the  present  ioe  edge.  Here  the  lobato  eartem  margin  of  the 

Racier  formerly  forced  the  stream  into  mai^nal  channels  across  rock  spurs,  making  lakes 
above  the  spurs  and  raj)ids  on  the  rocks,  and  these  conditions  still  lingered,  though  the 
stream  had  cut  somewhat  in  the  rock.  Below  the  westernmost  gorge  the  stream  emerged 
into  a  muddy  tidal  estuaiy  which  branched  horn  the  bay  east  of  Heather  Island  in  1909, 
idiife  acraw  a  iMrt  ol  it  in  1910^  IIm  adraiioe  ol  the  i^aeier  had 
a  till  dam,  as  already  described. 

The  Mam  Qkuimr  SwfoM.  Ct^unbia  Glacier  aorfioe  dopes  about  150  feet  to  the  mfleu 
The  glacier  margins  discussed  in  the  preceding  pages  wpfesent  only  the  outermost  por- 
tions, and  do  not  include  those  in  the  upper  part  of  the  glacier  at  a  distance  back  from 
the  sea.  These  portions  of  the  glacier,  and  the  low  grade,  main  glacier  surface,  we  saw 
only  from  the  crest  of  Heather  Island  and  from  the  1497  foot  station  southeast  of  the 
gboier.  The  oonifitioas  can  bo  described  fairly  well,  lunriBver,  for  the  Tioivpoinla  ^pon 
onmprHhftnwvo  and  wo  wew  able  to  writo  notes  and  take  photognyhs  from  sfatinM  at 
which  similar  records  had  been  made  ten  yeanbrfore. 

The  main  glacier  surface  was  impassably  crevassed  in  each  of  the  periods  of  obscr\-a- 
tion,  though  it  was  more  severely  crevassed  in  1909  and  1910  than  ten  years  before,  and 
on  the  cast  side  tliere  were  one  or  two  ice  steps  with  especially  severe  crevassing.  Xhe 
changes  in  the  medial  and  lateral  moraines,  and  in  crevassing  within  them,  are  the  most 
important  differanoes  between  the  1800  glacier  snrfaoe  and  that  which  we  saw,  for  tbe 
diangea  aooompanying  the  thirfcfiiimg  and  spnading  ol  the  margina  weio  iioC  detemiin- 
able  in  the  main  glacier  back  of  the  frontal  portion. 

Gilbert  has  described  the  conditions  in  1800  as  follows:^ 

"Opposite  the  great  nunatak  were  two  medial  moraines,  one  passing  within  a  half  mile 
of  its  base,  the  other  lying  alwjut  one  mile  from  the  opposite  edge  of  the  glacier.  A  central 
tract  two  miles  broad  was  practically  drift-free.  Toward  the  end  of  the  glacier  this 
central  tract  broadened,  the  medials  swinging  towmrd  the  sides,  ontfl  finally  the  wrUte 
belt  was  three  miles  wide.  As  the  medjab  diverged  they  also  broadened,  and  they  evon- 
tually  merged  with' flanking  UMMPaines,  so  that  near  the  end,  especially  oo  the  east  aide, 
the  areas  of  drift<»Tered  ice  were  veiy  wide.  The  marginal  IxJt  on  the  west,  Iniffinii  ol 
continuing  northward  parallel  to  the  medial  with  which  it  was  associated,  was  seen  to 
curve  about  into  the  western  embn\Tnent,  tis  indicated  on  the  map,  and  a  belt  seen  from 
a  distance  near  tlie  north  edge  of  the  embayment  was  supposed  to  be  its  continuation,  a 
loop  being  made  within  the  embayment  As  the  ice  in  the  embayment  deaceoded  toward 
the  west,  it  is  evident  that  the  norainie  loop  omiU  not  ft  tliat  thno  rtpresapt  a  lino  of 
oonlinuoua  flow,  lor  wo  oannot  snppose  the  ice  to  flow  into  tiio  embayment  on  a  descend* 
ing  cooise  and  then  lotum  on  a  parallel  ascending  course.  It  is  therefore  probable  thai 
the  moraine  was  formed  as  a  comparatively  direct  line  of  drift,  following  the  course  of 
the  main  current  at  a  time  when  nn  t  urrcnt  entered  the  embayment.  The  inference  tliat 
a  cliange  has  occurred  naturally  leads  to  inquiry  as  to  the  precise  nature  of  the  antecedent 
condition  of  the  glacier.  On  the  one  hand,  the  embayment  may  have  been  so  full  of  ice 
tiiat  the  smiiBoe  gradient  was  outwaid;  or»  on  theollMr,  the  glader  of  tlw  main  valley 

>  Op.  cit,  pp.  74-4. 
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may  have  had  so  low  a  surface  that  there  was  no  tendenpy  to  overflow  to  the  compara- 
tively shallow  side  valley. 

**Ibe  ftaifc  OMe  impliM  ananr  aeeoBMlatiiB  ia  the  fB^ 
nrteaotflBe»nifabnBBd»  aiidiroukl  correspond  to  of  ^bdenldl* 

lowed  in  later  decades  by  contraction;  but  the  relations  of  the  ice  to  the  fartBt,  to  be 
described  presently,  show  that  such  (X)ntraction  has  not  taken  place.  The  second  case 
implies  a  general  expansion  of  the  glacier  as  tlie  important  element  of  its  later  history. 

"Another  medial  moraine  of  the  great  ice  field  north  of  the  nunatak  passed  just  east 
of  the  nunatak  and  continued  down  the  eastern  aim  of  the  glacier  to  its  end,  where  it 
amtribnted  temud  tbe  bnildiiig  of  a  great  alhivul  delto  wUdi  wb  gradually  obfitar- 
atiagoMolthelakea." 

Ib  1900  the  band  of  clear  ice  between  the  east  medial  and  the  lateral  monine  was  nar- 
rower than  ten  years  before,  as  if  advance  in  midstream  had  crowded  it  over.  The  same 
thing  seemed  to  be  true  of  the  whole  broad  east  moraine  below  the  junction  of  the  medial 
and  upper  lateral  moraines.  ^Tiere  it  had  been  smooth  in  1899,  this  broad  lateral  mo- 
raine was  in  1909  severely  crevassed  throughout,  and  some  debris  had  fallen  into  the  cre- 
Tuwa;  but  tbe  contact  of  clear  and  fwwrmiied  ke  was  as  shaip  as  ever  and  tiie  btctal 
moraine  belt  was  nairower.  We,  thevalovB^  InlBr  latstal  spreading  of  tbe  area  of  dear 
ice  in  tibe  interim.  In  1910  tiik  lateral  spreading  and  crevassing  had  mereased  sli^itljr* 
but  there  was  only  a  little  more  white  ice  on  this  east  side  than  the  year  before. 

The  moraine  on  the  distributary  east  of  the  large  nunatak,  was  sliglitly  more  extensive 
in  1909  than  ten  years  before;  but  since  snow  covered  it  in  June,  1910,  we  cannot  tell  its 
condition  then.  The  apparent  change  from  1889  to  1909  may  be  due  in  part  to  more 
SDow  on  tbis  upper  part  of  tbe  i^acier  dming  Gilbart's  June  observation  tb 
of  our  observations  in  August  This  ice  tongue  is  nmcb  less  cievassed  than  the  main 
leader,  although  it  has  a  steeper  grade.  It  has  scattered  debris  upon  its  eastern  and 
terminal  margins,  less  than  in  1899,  but  the  western  side  has  a  broad  lateral  niornine, 
apparently  heavier  tlian  ten  years  ago,  which  seems  to  be  made  up  partly  of  marginal 
d6bris  from  the  large  nunatak,  but  chiefly  of  material  carried  by  a  medial  moraine  from  the 
main  upper  glacier.  Near  the  northern  end  of  the  nunatak  this  medial  moraine  joins 
the  lateral  moraine  ubicb  bad  broadened  and  ertended  farther  out  into  the  ice  in  1900 
than  ten  years  before.  This  extension  is  peAaps  doe  to  aUation  near  tbe  traimer  land. 

On  the  western  maigin  of  the  glacier  we  were  unable  to  look  far  enough  into  the  souther- 
most  embayment  to  see  whether  the  moraine  still  bends  into  it,  as  ob.ser\'ed  by  Gilbert 
and  .sliown  upon  his  map.  There  seemed  to  be  a  marginal  lake  with  icebergs  on  the  north- 
em  side  of  this  embayment  in  August,  1909.  On  June  30, 1910,  this  lake  had  been  drained, 
its  site  being  marked  by  heaps  of  tumbled  icebergs  which  had  gone  aground  when  the 
water  was  drained  out  beneath  the  main  trader. 

In  both  this  embayment  and  die  one  next  nratU,  the  grade  is  so  flat  that  it  could  not 
be  determined  from*  our  remote  viewpoint,  whether  the  grade  was  reversed*  as  inferred 
by  Gilbert,  or  whether  these  are  debouchures  of  tributaries. 

Still  farther  to  the  nortli  and  northeast  the  main  glacier  receives  a  number  of  accord- 
ant, hanging,  and  cascading  glacier  tributaries;  but  the  absence  of  pronounced  medial 
moraines  away  from  the  margins  of  the  glacier  indicates  that  though  many  of  these  are 
good-aised  giadcn,  they  are  all  relatively  small  and  unimportant  compared  with  tlie 
fttain  ice  tongne. 
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Glacial  Erosion.  A  sounding  a  little  over  a  (quarter  mile  from  the  terminus  of  Columbia 
Glacier  showed  600  feet  of  water,  indicating  clearly  that  the  ice  front  is  not  afloat  It 
u,  therefore,  gxinding  actively  up<m  the  bottom  ci  the  fioid.  Other  aoondings  (fig.  S5) 
dioir  dMudy  th*t  it  has  not  been  afloat  at  any  tirae  wbm  it  extended  farther  sootli  in 
Golnmbia  Bay,  tha  depths  of  water  increanng  graduaUy  from  000  feet  near  the  ioe  front 


¥n.  95.  Smuama  Comooaa  or  Vaemt  or  Coumiau  Gucnk 


to  906  feet  at  a  distance  of  3}  miles  and  1020  feet  five  miles  from  the  ice  front  at  the 
entrance  to  Prince  William  Somid,  the  slope  being  uniformly  about  250  feet  to  tlie  raile. 
As  the  soundings,  a  half  mile  apart,  show  no  interruptions  in  this  even  grade  it  is  evident 
that  there  has  been  no  significant  basining  of  the  fiord  bottom.  This  would  be  normal 
in  a  itiaiglit  aection  of  fiocd  without  oooatrietions  of  the  aide  walk.  In  the  nanowcr 
diaond  eaat  of  HMther  lalaad  the  water  is  57  f eet  deqp  a  half  mik  aouth  of  the  east 
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cliff  and  the  water  also  deepens  uniformly  southward  but  at  the  rate  of  only  98  feet  to 
the  mile,  the  depth  S|  miles  from  the  glacier  being  426  feet  (Fig.  35). 

l!hft«Mi  seetion  ct  the  fiord  (Fig.  36)  is  of  »  ytty  htotd  0-dtape,  wiUi  htomA  Iht 
bottom,  tgrpiool  ot  ^acidljr-ecn^timd  tfonghs. 

There  are  submeiged  hawging  Talkgrs  on  eadi  aide  at  the  main  fioid,  the  diannd  eail 
of  Heather  Island  hanging 474  feet  above  the  bottom  of  Columbia  Bay,  while  the  smaller 
Granite  Cove,  at  the  entrance  of  which  the  water  is  only  18  feet  deep,  hangs  756  feet. 
There  are  also  hanging  valleys  above  sea  level,  one  about  half  way  between  Granite  Cove 
and  Columbia  Glacier,  on  the  west  side  of  the  fiord,  hanging  300  feet  above  the  level  of 
the  mlbtt,  which  is  here  nearly  700  feet  deep  in  middiannd.  The  whoie  weeUgru  slope 
of  the  fioid  is  mock  otvcp^teepened  by  glacial  cfoaiaii*  having  a  slope  in  many  places  ol 
over  4000  feet  to  the  mile,  with  sheer  pvedpioes  in  places  and  with  mndi  bare  rock. 
Ciniues,  hanging  valleys,  roches  moutoon^es  forms,  over-steepened  lower  slopes,  and 
truncated  spurs  are  also  abundant  in  the  mountains  on  the  eastern  side  of  the  fiord,  but 
this  side  hus  been  less  sharply  eroded  than  the  western.    Glacial  striae  are  rarely  seen  in 

I      Columbia  Bay,  for  soil  and  moss  mask  most  of  the  rock  ledges. 

Glacial  Deposits.   Glacial  deposits  form  no  conspicuous  features  near  CfJumbiaGlader* 

i     and  thope  am  no  aobmeiged  deposits  suggestive  of  momines  in  the  bay.  Heather  Island 


o  /'  i  ^mu* 

Fta.  so.  Natdhal  Soalb  Caom-^maaom  or  Gounou  Bat  Showoib  HAiionra  TAunn. 


is  a  rock  UD,  thinly  veneered  with  gmnd  moraine.  North  and  east  of  Heather  Island, 
bnwwMr^  thgte  ane  ertensive  mud  flata  maifehy  ikpnata  fmm  gl^al  m^trnmrnkm^  *ltf^^ 

these  are  scattered  striated  bowlders  carried  out  by  icebeigs.  It  is  impossible  to  tcU  to 
what  extent  similar  deposits  occur  in  the  deeper  waters  where  the  heists  of  sobmerged 
hanging  valleys  may,  therefore,  be  considered  as  giving  only  a  minimum  measurement  of 
glacial  erosion.  The  lakes  in  the  valleys  southeast  of  Columbia  Glacier  may  he  due 
either  to  glacial  obstructions  or  to  basining  by  sculpture  of  tributary'  ice  tongues.  In 
the  maiTginal  lakes  immediately  adjacent  to  the  ice  there  are  some  glacial  deposits,  among 
which  the  outwadi  plain  of  sand  and  gmvel  built  fay  the  stream  f ram  the  laige  glacier 

I     distributary  on  the  east  is  cooqpienous.   It  is  over  a  mile  in  length. 

The  lowland  next  the  baj%  over  which  the  lobate  eastern  margin  of  the  glacier  was 
beginning  to  advance  in  1910,  is  the  only  extensive  area  of  terminal  moraine  in  the  region. 

[  It  is  five-eighths  of  a  mile  long,  an  eighth  of  a  mile  or  less  in  width,  and  has  the  shaq)  un- 
dulating knob-and-basin  topography  (PI.  CXII,  A)  typical  of  many  terminal  moraine  areas 
in  the  United  States.  Thereareascoreormoreof  small  ponds  in  the  kettles.  Most  of 
tlw  am  is  covered  only  by  grass*  but  the  parts  farthest  from  the  glacier  have  veiy  small 
strips  ol  mature  eonlfers  witk  dead  trunks  heaped  vp  along  a  pudi  moraine  at  the  border 
of  the  westernmost  dunqk  As  Grant  and  Hjggins  have  })ointed  out '  the  shrubs  on  the 
gmaqy  moraine  surface  are  not  over  90  years  of  age^  or  thereabouts,  but  we  do  not  agree 

<  Grant.  V.  S.  and  Higgiiu.  D.  F..  Glaom  <rf  the  Northern  Fut  «f  Friooe  Willim  Sooid,  M.  Amt.  G«f. 
8o6,  Vol.  XTJT,  1910^  p.  7S9  and  Kg.  8. 
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^th  tluem  in  bdieving  Uutt  vegetatnnditMiiotgainafoallMldaiiMMtaicim 
vaemveA  fay  giami  ice  iihm  nneoMwiHdatod  dqwwtto  a»  preiaat  and  lahiKng  pMahli . 

They  have  estimated  that  this  advance  took  place  50  years  or  so  ago,  while  we  are  more 
8iii»lin^  to  ascribe  the  building,  or  at  least  the  last  modification  of  this  moraine,  and  the 
destmction  of  these  trees,  to  the  advance  that  occurred  about  1892  or  to  an  eadier  aid> 
vance  only  a  few  years  before  thai  date,  and  certainly  not  as  long  ago  as  1859. 

A  section  revealed  in  this  glacial  deposit  by  a  wave-cut  cliff  near  the  western  end  shows 
tiie  foflowiag  ■ncctiMOn,  iadioating  atlMittivoadvainaikeBt; 

Saoam  ov  Qlusmim  Dam  mui  Counnia  Qntuum 

PlMMiit  Kirfaoe^  with  marainie  topognyhy  and  growiiv  dmbi. 

Till,  with  blue  clay  and  angular,  atziated  stones. 
Trunks  of  trees,  and  cones  and  fragments  ol  baik. 
Till,  with  large  angular  glaciated  bowldeni. 
Bedrock,  with  glacial  striae. 
The  lower  till  surface  was  an  undulating  one,  evidently  produced  by  irregular  erosion 
dthakypBrtiUinaM. 

Fomm'  8kig99  qf  CokuMa  Ohei§r,  Then  an  maagr  facts  to  prove  that  Goiunliia 
Glacier  is  now  far  leas  extensive  than  formerly,  and  that  at  an  earlier  stage  it  was  a  tribu- 
taiy  of  the  great  Prince  William  Soimd  glacier.  Near  Columbia  Glacier  the  cirque^ 
hanging  valleys,  roches  moutonn6es  hills,  over-steepened  lower  slopes,  truncated  spurs, 
the  generally  rounded  topography  produced  by  glacial  sculpture,  and  the  glacial  deposits 
testify  to  this  former  e3q>anded  stage  of  glaciation.  How  thick  the  ice  was  at  mi^vim^fni 
has  not  ben  detennined  onetljr.  Heatlier  Und,  867  feet  high,  was  gladaisd  to  Hm 
top.  The  motmtain  ipnr  aotttheatt  of  the  ice  tongue  was  glaqated  as  hi^  as  we  cfiaabed 
it»  the  devatkn  of  tiie  photographic  station  at  timber  line  there  being  1497  feet  Fron 
a  distance  the  great  nunatak  has  the  rounded  appearance  of  having  been  glaciated  clear 
to  the  top,  8664  feet,  though  this  is  not  certain.  Gilbert  places  the  hni^t  of  glariatioo 
in  Columbia  Bay  at  4000  feet' 

Between  this  great  maximum  and  the  present  stage  of  expansion^  and  with  unknown 
intennediate  episodes,  there  has  evidently  been  notable  leoetrioii  of  the  glader*  prowd 
bj  fonits  npon  the  uMuntain  spnie  dbofve  the  upper  glacier  for  a  distil 
or  seven  miles  from  the  present  terminus,  and  upon  Uie  lower  slopes  of  the  great  nunatak. 
It  is  conceivable,  though  hardly  probable,  that  the  forest  may  have  migrated  to  the 
nunatak  along  the  eastern  ice  margin  with  the  glacier  as  expanded  as  now;  but  it  is  much 
more  difficult  to  l)elieve  that  the  forest  on  the  western  side  has  migrated  so  far  up  the 
margin  of  a  clear  ice  gkcicr.  The  farthest  trees  seen  were  on  the  northern  side  of  the 
second  embayment,  or  tributary,  on  the  western  side  of  the  Racier.  They  seemed  to  be 
spraces.  The  greenish  tint  of  the  lower  slopes  beyond  the  next  trftntaiy  svggeotod 
vegetation  there^  perfa^>s  shrubs  like  the  alder,  but  no  trees  could  be  detected  with  tha 
fidd  i^asses.  This  last  locality  is  over  ten  miles  from  the  present  ice  front.  Gilbert 
interpreted  the  benrline  of  moraines  into  the  first  embayment  as  evidence  that  the  1892 
maximum  was  pre<  e<ie(l  by  an  important  minimum,*  and  we  arc  inch'ncd  to  interpret 
tliis  distribution  of  forest  in  the  same  way.    Grant  and  Higgins  have  inferred  a  retreat 

•  Op.  at.,  p.  174. 

•  Oik  ctt,  p.  80. 
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prBvioiis  to  1802,  though  not  nccenarijy  of  more  than  a  mile,  <m  btdf  of  the  marine 
ih«lb  dote  to  the  ice  iroiit,aanmmg  that  theieaeafbRBSwoi^ 

That  the  glacier  has  not  recently  been  as  far  out  as  in  188C  and  1910,  is  proved  by  the 
extension  of  mature  forest  with  trees  at  least  75  to  100  years  old,  up  to  the  verj'  border 
of  the  ice.  Peat  three  or  four  feet  thick  has  accumulated  in  grassy  glades  on  hilltops 
and  flattish  ground,  while  living  trees  grow  only  on  rock  or  other  drained  elevations  and 
along  stream  courses,  diead  trunks  standing  when  otverwhelmed  by  the  thinkening  tundra 
mmn  Tkim  wirtioMiiipa  at  ^wgrtatfan,  which  require  fSm»  for  their  wTahKAiiMiBl. 
■re  foand  in  Fknea  TOIiam  Sound  but  not  in  tho  Yalnil^ 

were  recently  much  more  erpmnM,  Into  IliMd  TBgeUtion  MSM  Iba  advanring  loa  «f 

1802  and  1909-10  plowed  its  way. 

Perhaps,  as  Gilbert  suggests,  the  important  minimum  of  Columbia  Glacier  that  pre- 
ceded the  1892  advance  occurred  in  the  nineteenth  century,  when  Petrotf  does  not  men- 
taon  a  tidal  glacier  in  Columbia  Bay,  though  he  does  assign  one  to  Port  Vahles.  As  w 
hav«  allempled  to  dnur  in  our  pveoediiig  dmwmkm  ot  Htm  nil^jeet.  then  an  gnm  ve»> 
sons  for  doubtiqg  tKe  csistenea  of  m  laiga  tidal  glackr  la  Fort  Valdai  fiovd  «t  tha  tfana 
Petroff  menlioiii. 

Within  a  year  or  so  of  1892  Columbia  Glacier  bad  an  important  advance,  since  which 
there  have  been  two  periods  of  retreat  and  two  of  advance,  the  last  of  which  was  still  in 
progress  in  1911. 

Hie  cause  for  these  recent  oscillations  is  not  known.  They  may  be  dimakic  or  they 
meybeduetoearlluiiialDettVBlaiiGliiBg.  If  thelatteriathecMiiei'iredioaldbeinclinad 
to  sMribe  the  advancea  to  avalanchei  dniing  earthqnakM  in  the  Chugach  Mountains, 
nol  to  thn  YalniUil Bay  earthquakes  of  September,  1 899.  BoHi dimatic  and  seisnie date 

are  too  meagre  for  settling  this  question,  but  in  1907-08  there  was  a  148  inch  increa.«!e  of 
snowfall'  at  Valdez,  25  miles  to  tlie  east,  (from  299  inches  in  1906-07  to  447  inches  in 
1907-08).  The  1906-07  snowfall  at  Valdez  seems  to  be  below  the  normal  amount.  It 
decreased  to  187  inches  in  1004-05.  There  was  a  887  inch  increase  in  snowfall  at  Valdea 
(FnitliMiinO  doing  the  iHite  Qntiie 
other  Iinnd,  then  wen  nren  eaithqnakei  in  thb  part  of  the  Chugadi  Moantaini  in 
Key,  1896,  August,  1888,  October,  1800,  March,  1003,  and  February,  1008. 

Since  the  1892  advance,  whose  cause  we  %\nll  not  discuss,  the  first  of  the  recent  advances 
came  l)ot\s  ceii  1899  and  1905,  and  may  have  been  due  to  the  1896  or  1898  or  1900  earth- 
quakes. The  advance  which  was  in  progress  at  the  time  of  our  visits  in  1909  and  1910 
probably  began  in  1807  and  1008  and  may  have  been  caused  by  one  of  the  preceding 
earlhqwahe^  or,  aa  already  suggested,  it  may  be  that  both  advancea  wen  caa^ 
tions  of  snow&Il  or  ol  tanperalun.  In  tibe  latter  case  other  adjacent  {^aciers  should 
have  ad  vanced  and  ntreatod,  for  notal^  tempemtun  venation  can  haidly 
as  precipitation  may  be. 

In  view  of  the  liniitoci  data  at  hand  il  is  not  profitable  further  to  discuss  the  cause  of 
the  fluctuations  of  Columbia  Glacier,  though  we  are  convinced  that  it  is  well  worth  while 

>  Grant.  U.  S.  and  Higgins.  D.  P.,  GlMfan  cf  ^  NoitliHD  Ikit  d  HaM  WOkuB  Sooad,  BoD.  Amt.  G««f . 
Soc,  VoL  XLU.  1910.  pp.  72»-7SL 
•MMa.  UimDas,Ietec!iilft  Mr  GletMlMrin^ 
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to  call  attention  to  the  possibility  of  explaining  them  by  earthquakes.  There  is,  however, 
one  Twy  notabfe  diif ewnw  bebiM  tlie  ot^^ 

of  the  Yttkatat  Bay  gladen  in  response  to  the  1890  earthquakes.  The  latter  advanced 
qMUmodieally  and  rapidly,  they  were  transformed  in  a  few  months'  time,  and  the  ad- 
vances were  short  lived;  the  Columbia  Glacier  has  moved  more  slowly,  continuing  its 
advance  a  longer  time  and  gradually  increasing  its  rate  of  forward  movement  from  nine- 
tenths  of  a  foot  a  day  in  1908  to  iT(s  feet  a  day  in  1910.  This  less  abrupt  change  is 
more  like  that  of  the  glaciers  in  regions  like  the  Alps,  where  climatic  fluctuation  is  as- 
signed to  ezpUin  the  advances  and  letneats.  Even  this  difference,  howevw,  need  mat 
Mnnna^M  the  earthquake  theory,  tor  the  rate  and  extent  of  the  advance  in  reaponse  to 
earthquake  shaking  would  normally  vary  with  the  intensity  and  duration  of  the  shaking; 
as  it  would  \s'ith  variation  in  the  amount  and  duration  of  a  climatic  change.  Such  spec- 
tacular resj)onse  as  has  hem  shown  by  the  Yakutat  Bay  j,'l:u  iers  is  hardly  to  be  commonly 
expected.  We  believe  tlie  earthquake  theory  a  possible  and  rational  explanation  of  the 
recent  fluctuations  of  Columbia  Glacier  front;  but,  as  between  it  and  the  climatic  theory, 
we  have  no  facts  upon  wiudi  to  dther  dimioate  the  one  or  establisb  the  other. 
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CHAFTEB  XV 
THE  6IAGIEBS  OF  UNAKWIK  INLET  AND  COLLEGE  FIORD 

UxAKWXK  iKLavr 

GfRiral  Topography.  VmMk  Inlet  fa  a  luge  Iknd  mt  cl  Colniiibk  Bigr.  It  fa 
about  SO  mOe*  Umg,  tnudiag  north  and  south,  and  having  an  amage  width  ot  aboat 
S  mikt.  On  the  west  side  of  it  are  Jonah  Bay  and  SiwaaJi  Bay,  and  on  the  east  is  a 
large  cove,  at  the  head  of  which  is  Miner's  River.  About  2  miles  from  the  head  the 
inlet  narrows  to  a  half  mile  and  turns  at  right  angles  nearly  eastward.  Here  it  is  ter- 
minated by  a  large  ice  tongue,  Meares  Glacier,  the  only  glacier  in  this  fiord  which  reaches 
tidewater;  but  Briliiaut  Glacier,  Ranney  Glacier,  and  a  number  of  smaller  ice  tongues 
an  vfa&ile  feom  tin  inlet  and  wnd  itreami  dawn  nearly  to  it. 

Mmnt  Gtoflur.  TUs  ice  tongue  (Fig.  97),  iribidh  bat  a  loMiini  length  of  about  • 
mOeib  fa  made  iq>  cl  two  amaller  glaciers  (PI.  CXII,  B)  ^diidi  wdte  a  mile  and  three- 
quartera  from  the  terminus.  It  is  a  clean  white  ice  stream,  eevev^  crevassed  throu^- 
out  its  visible  extent,  and  carrying  one  rather-weak  medial  moraine,  which  comes  from 
the  junction  of  tlie  two  chief  tributaries,  and  is  pushed  over  so  near  the  south  side  of 
the  glacier  that  the  north  tributary  is  shown  to  be  larger  and  more  vigorous  than  that 
from  the  eait  Tlien  fa  a  rtrong  lateral  moraine  on  the  north  side  but  none  on  the 
■ooth.  At  tidewater  tibe  leader  has  a  width  of  one  nule,  and  a  temiinal  diff  oiver  MO 
feet  high,  from  which  eo  many  icebergs  are  discharged  that,  at  llie  nairows  in  Unakwik 
Inlet  it  is  usually  difficult  to  lofoe  a  boat  through  them.  There  am  aemal  vay  pvetly 
cascading  glaciers  on  the  mountain  slopes  near  Meares  Glacier. 

The  first  known  description  of  Meares  Glacier  was  made  in  1790  by  tlie  Spanish 
explorer  Fidalgo,  who  did  not  name  the  glacier,  but  on  the  chart  of  the  Svtil  y  Mex- 
teana  called  Unakwik  Inlet  by  the  name  Puerto  de  BewxUa  Gigedo.  Don  Fnacfaoo 
Efisa,  the  cnmmandfir  of  thfa  eipedttiofn,  lefen  to  the  leader  as  "Vokan  de  Fidalgo.'' 
Fidalgo's  deecription  of  the  region  as  he  saw  it  on  Jwie  U,  ITM,  quoted  by  Davidaon 
from  a  manuscript,  is  as  follows:  ^ 

"So  soon  as  thqr  arrived  at  the  mouth  of  a  sheltercfl  harbor,  almost  at  the  northern- 
most part  of  the  bay,  they  observed  the  hititude  to  be  60°  54',  and  heard  many  sub- 
terraaean  explosions  or  thunderings  which  increased  as  the  sun  approached  the  me- 
tidiaii.  Condocted  bgr  their  Indian  guides  to  the  fnteilor  of  tide  heibor,  th^  dieoov* 
eted  in  its  depths  to  tibe  north,  a  gmat  level  tnct  of  snow  iriiich  came  to  the  watei^s 
edge,  and  ended  at  the  base  of  the  high  nwwm tains.  Haidly  had  they  seen  Ais»  when 
they  noticed  that  with  each  subterranean  roar  a  mass  of  snow  was  thrown  up  from 
tike  oesiter  of  the  plain  about  half  the  sise  of  the  launch;  fearful  lest  thcj  siiould  be 

>Da\nd80ii.  George,  The  Glaciers  of  Alaska  That  are  Shown  nn  Russian  Ghsili  AT  Mwtfcuill  ia  Older 
Nanativcs.  IVus.  and  Fkoc.  Gcog.  Soc.  Factfic^  Vol  3,  igo«,  w  ^9/^- 
IS  880 
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overwhelmed  or  destroyed  in  this  port,  they  did  not  continue  their  examination  of 
that  phenomenon,  which  is  undoubtedly  worthy  the  attention  and  investigation  of  a 
naturalist." 

Unakwik  Inlet  was  visited  by  Lieutenant  Whidbey  of  Vancouver's  expedition  on 
Jime  9,  1794,  the  description  being  as  follows:  ^ 

"This  arm  was  found  to  take  a  north  direction,  in  general  about  a  league  wide,  and 
to  terminate  at  the  distance  of  about  four  leagues,  at  the  foot  of  a  continuation  of  the 
range  of  lofty  mountains  before  mentioned.  Its  upper  parts  were  much  incumbered 
with  ice,  as  were  both  the  eastern  and  western  sides  with  innumerable  rocks,  and  some 


Fig.  S7.   Msahes  Glacoeb.  Unakwik  Inlet,  in  1910. 


islets.'*  The  mention  of  ice  in  the  upper  part  of  this  bay  shows  that  Meares  Glacier 
still  reached  tidewater  in  1794,  tliough  Whidbey  probably  did  not  go  far  enough  to 
see  it. 

In  1905  and  1909,  U.  S,  Grant  went  to  the  head  of  this  fiord,  and  in  the  latter  year 
Grant  and  Higgins  mapped  the  inlet  and  glacier,  which  they  named.'  They  show  that 
Meares  Glacier  is  nearly  twice  as  long  as  was  indicated  on  previous  maps,'  heading 

•  Vancouver,  George.  A  Voyage  of  Discovery  to  the  North  Pacific  Ocean  and  Around  the  Worid.  Vol.  V, 
London.  1801,  p.  816. 

» Grant.  U.  S.  and  Higgins,  D.  F.,  Glacien  of  the  Northern  Part  of  Prince  William  Sound.  Bull.  Axner. 
Geog.  Soc.,  Vol.  XLII,  1910,  pp.  786-738;  Joum.  Geol.,  Vcl.  XI.  1906,  p.  i07;  Bulla.  44S.  U.  S.  Geol.  Survey 
PI.  II,  and  879.  PI.  IV. 

*  U.  S.  Coaat  and  Geod.  Survey.  Chart  S550,  1909. 
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nearly  as  far  north  as  Yale  Glacier  instead  of  at  a  point  near^  east  of  Crescent  Glacier 
in  College  Fiord. 

TI10  National  Geographie  Sodely's  aipcditioik  of  1910  tptat  Jj^  IStfk  to  14fh  k  tba 
ttadjt  ct  Meaiea  Glader  and  Unakwflc  Lilet,  abo  makmff  tiw  liaduire  map  of  llie 

cier  reproduced  as  Vig.  87  and  tlie  soundings  shown  on  Fig*  88.^ 

Grant  has  stated  *  that  in  IDOf;  "the  bushes  and  trees  were  close  to  the  ice  and  there 
was  no  hare  zone,  or  at  most  a  very  narrow  one,  visible  between  the  ice  and  the  forest. 
In  1909  the  front  of  the  ice  seemed  to  be  a  little  in  advance  of  its  position  of  four  years 
before.  At  the  later  date  near  the  front  of  the  glacier  on  the  south  side  was  a  brown 
aone  estinated  to  be  flOO  feet  m  width.  Tluf  bnwn  cone  appealed  to  bave  been  earned 
bgr  dead  vegetation  laHier  than  by  bare  rock,  and  at  tiw  edge  el  tbe  ke  time  weie  a 
iew  small  trees.  Close  to  the  glacier  there  was  a  sparse  forest  which  contained  treea 
estimated  to  be  ten  inches  in  diameter.  Hence  the  ioe  was  probably  as  far  foiward  fai 
1909  as  it  has  been  during  the  last  hundred  years.** 
In  1910  the  north  edge  of  the  glacier  (PI.  CXIII)  had  advanced  slightly  since  the  year 
I     before,  as  was  shown  by  a  comparison  of  photographs  and  by  the  nearly  vertical  ter- 
niinalioeeliffotttiiebeadi,attiiebaieof  wbkhwerefiedhly^^  Near 
tike  aontiiMn  side  we  were  unaUe  to  detormine  podtivejy  wketiier  the  glacier  had  re- 
ma&Md  statiooaiy  from  1009  to  1910,  or  whether  there  had  been  a  sli|^t  retreat.  A 
mass  of  ice,  clinging  to  the  mountain  side  at  sea  level,  was  connected  with  the  glacier 
in  1909,  but  by  July,  1010,  had  been  detached  by  melting.   It  is  easy  to  understand 
the  advance  of  one  side  of  this  glacier  and  the  stationary  condition  or  slight  retreat 
of  the  other,  in  view  of  the  fact  that  the  tributaiy  from  the  east  is  relatively  inactive, 
while  the  one  from  the  north  was  more  active  in  1910  than  in  the  year  before. 

Thia  Jiffeienee  in  activity  of  the  tnbvtaiiea  ia  dMum  bgr  tiie  eonditiona  along  tiie 
nuttgins  ct  the  glacier  below  their  junction.  On  the  south  margin  there  was  no  diange 
in  condition  rluring  the  last  two  years  of  observation,  while  along  the  north  margin  the 
glacier  was  spreading  as  well  as  advancing,  everj'where  extending  up  to  Uie  forest  and 
I  uprooting  the  turf,  in  places  pushing  back  into  and  even  overriding  the  forest.  These 
conditions  were  observed  both  at  the  terminus  and  up  to  the  turn  in  the  glacier.  Slivers 
ci  iee  projected  among  the  alders  and  spnieee  and  smaU  push  moraines  of  till  and  tuif 
wen  aeen.  Several  wptuoea,  not  yet  overtomed,  stood  at  tiie  very  ice  maigm,  here 
atained  dark  colored  with  lateral  moraine. 

In  the  quotation  given  above.  Grant  refers  to  a  brown  zone  of  dead  vegetation  on 
the  south  margin  of  the  glacier  in  1909,  and  this  was  not  overridden  in  1910.  It  may 
be  interi>reted  as  the  result  of  forest  destruction  during  an  advance  of  the  east  tribu- 
tary before  1909.  One  mature  tree,  tilted  during  the  advance,  stood  at  the  edge  of 
thia  brown  aone  and  there  were  several  young  shrubs  at  the  very  edge  of  the  ioe. 

IhiB  terminua  of  the  ^ader  was  precipitous  in  1910,  as  if  tiie  end  were  in  deep  water, 
and  at  a  distance  of  a  half  mile  the  iknd  is  584  feet  deep,  suggesting  tiiat  the  end  of  the 
glacier  is  not  afloat. 

We  agree  with  Grant  that  Meares  Glacier  is  probably  as  far  advanced  now  as  it  has 
been  in  the  last  centurj'.  There  is  considerable  forest  on  the  mountain  slope  above  the 

1  Martin,  Lawicnoa^  Ths  Nstkiiiil  Gaom^  Sodstir  BMMidiM  in  AlMka.  Nat.  G«af.  Mac  VoL  fli; 
1911.  p. 

•  Ball.  AsMr.  Om«.  Soc,  Yd.  XUI,  laUk  p.  TBS. 
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Fro.  88. 
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GOMioQM  or  IbiAXWix  ham. 
I  iftor  Gnuil  and  Wg^toM. 


glacier,  and  on  its  norA 
side,  but  on  the  south 
side  the  thick  toM^mk 
tbuoA  «BMt|j  OB  a  Km 
wilh  the  edge  olllMMik 
there  being  only  a  vtty 
few  scattered  trees  be- 
yond. There  is  some  al- 
der on  the  spurs  betveeen 
the  two  tributaries,  M 
noapniee. 

dn,Q$dSmdUrGUuim, 

Ranney  Glacier  of  Uns- 
kwik  Inlet  is  a  cascading 
ice  tonj^ue  (Fig.  37}  west 
of  Meares  Glacier.  It 
euda  a  thoaaand  feH  or 
ware  abofve  1h»  level  of 
the  fiord,  as  do  Baby 
GUcier  and  several  small 
unnamed  ice  tongues. 

Brilliant  Glacier  is  a 
cascading  glacier  on  the 
eeet  dde  ol  tlie  floid 
(Fig.  88),  of  neeiir  the 
nine  iiae  and  appear- 
ance as  the  well-known 
Illecillewaet  Glacier  in 
the  Canadian  Rockies. 
Instead  of  ending  high 
above  tbe  fiord,  ham- 
ever,  as  tlie  BaiuMy 
Glader  doee.  it  estcods 
doiwn  a  steep  slope  neariy 
to  sea  level.    From  its 
terminus  a  stony  out- 
wash  plain  and  delta 
extend  southweetward 
nearily  a  mile  and  «  ImK 
tothefiofd.  fi&t&WTal- 
ley  bottom  and  on  tlie 
delta  are  mature  spruces. 

Nothing  is  known 
about  previous  advances 
or  retreats  of  these  amall 
glaciers,  thou^  the  fact 
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that  spruce  extends  tip  to  tha  1^  of  tewml  hanging  Tslkyf  on  the  west  iide  of  tiie 
ted  ihonw  tliat  ieo  tomglMi  Jmivo  not  ctxtended  ont  of  these  valleys  for  a  century 
or  more.  Absence  of  spruce  on  spurs  between  han^nng  valleys  may  be  attributed  to 
snowslides.  Ranney  Glacier  has  evidently  been  retreating  for  several  years  because 
there  is  a  large  barren  zone  in  front  of  it,  marking  the  distance  to  which  the  glacier 
had  advanced  during  the  last  marinmin.  Mature  aldera  extoid  up  to  this  barren  soac 
Podio  Glacier  heada  in  nofwfidda  aovUi  of  BriOtaiit  Glacier  tenmnatiBg  8|  milea  caat 
of  Unakirik  Inlet  and  eending  a  mmB  ■traam  thioni^twolakaatothecpveof  BCnet^a 
River.  Muth  Glacier,  and  three  small  ice  tongues  in  an  enormous  cirque  at  the  baae 
of  Unakwik  Peak»  tenninate  1|  to  8|  milaa  wost  of  theheada  of  Jonah  and  Siwaah  Baya 
respectively. 

Glacial  Modifications  of  the  Fiord.  Throughout  Unakwik  Inlet  there  is  evidence  of 
profound  glacial  erosion  at  a  time  when  the  Meares  Glacier  was  much  larger,  receiving 
R«nMj»  BkiOiant,  MOn  and  maagr  amafl  ioe  toqgnea  aa  tiilNitarit«»  and  occupying 
all  of  UnaMk  fidat,  fbrvnng  ow  of  llie  gnat  fiOnitate  ^ 

Prince  William  Sound.  There  is  also  evidence  of  local  CRMion  ligr  tibe  former  tributOp 

lias  of  the  Unakwik  Inlet  Glacier;  for  example,  in  the  enormous  cirque  east  of  Una- 
kwik Peak  whicli  has  been  cut  back  so  far  as  to  form  a  nanow  aoHe  between  Unakwik 

Inlet  and  College  Fiord  on  which 

Unakwik  Peak  is  the  highest  point.  A        4tt¥ii*H  m^r       tfi^Miti^nt  /^^^^ 

oped  between  Meares  and  Brilliant 

Glaciers. 

Hie  main  channel  of  Unakwik  Inlet 
has  the  tj-pical  fiord  topography,  that  Inixt. 
is,  it  is  straight  and  simple  and  has  no  Sobnaqad  haoging  Tallcy  of  Siwm^  Ba/. 

spurs  entering  from  either  side,  as  a 

Stream-eroded  vaOey  does.  Instead,  tiie  qnirs  are  all  eut  off  with  triangular  facets  and 
tile  fiord  waDs  axe  eroded  smootlLiy,  ahhoogh  tlte  width  of  the  fiord  varies  from  i^ace  to 

place.  At  tbo  point  where  it  is  narrowest,  in  the  turn  west  of  Meares  Glacier,  one  wall  of 
the  fiord  is  very  much  steeper  than  the  other.  As  might  be  expected,  the  west  wall  is  the 
steeper,  this  being  the  side  on  which  the  ice  must  have  eroded  most  eflSciently  while  the 
glacier  was  making  thb  abrupt  turn.    The  spur  east  of  this  curve  slopes  more  gradually. 

The  tributary  vall^s  that  enter  the  inlet  bear  various  relationships  to  the  present 
water  levd  in  tiie  floid.  Some  of  tbem  enter  at  or  just  b^nr  sea  levd, — for  example, 
Ifiner's  Biver.  Others  end  in  the  air  and  have  streams  nUdi  cascade  down  from  tlie 
lq>s  of  hanging  valkgrs  Ow  ^«  Bannej  Glacier  is  in  such  a  hanging  valley,  and 
there  are  several  others  south  of  it  on  tlie  west  aide  of  the  fiord,  some  of  them  with  a 
discordance  of  several  hundred  feet.  ITiere  are  also  two  hanging  valleys  on  the  east 
of  the  fiord.  Still  other  tributary  valleys  are  occupied  by  bays  and  it  was  not  known 
that  these  were  hanging  valleys  until  soundings  were  made  in  1910.  These  soundings 
show  cottdttsively  that  the  hanging  rdationship  exists  in  Siwash  Bay  (f^.  89), 
ndiich  hangs  790  feet  above  the  bottom  of  the  Unakwik  Inlet  Although  soondhigs 
were  not  made  in  Jonah  Bay,  it  presumably  has  the  same  relationshq).  The  channel 
bdund  the  long  island  just  south  of  Miner's  River,  with  a  depth  of  126  feet,  and 
the  diamwl  between  the  mainland  and  Olsen  Island,  at  the  south  end  of  Unakirik 
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iiilet,ivi1iiadcp1]iof  mfeet  (Fig.  S8),  Aoir  dWeraitid  ^waal  <rau 

wow  pasnges,  for  the  main  chaniwJ  ia  deeper  m  eftdh  caae.  Tlieie  amaU  dmnwila  an 

•nal^gaas  to  hanging  vallqjn^  but  are  discordant  at  both  ends. 

In  general,  the  soundings  reveal  Unakwik  Inlet  as  a  U-shaped  glacial  trough  (Tig.  39) 
with  about  tlie  same  valley  sloj)es  below  sea  level  as  above.  The  fiord  bottom,  with 
depths  of  to  1266  feet  has  a  basined  character,  which  ia  inteipreted  as,  in  part  at 
leaat,  due  to  glacial  dq>06ita. 

Hie  moot  strikhig  of  tlMie  jRegnhritiei  k  »  banty  aubmeiged  leef  (Kg.  38)  10| 
milea  south  of  Meam  Glacier  and  juit  BOttii  U  llie  nMNrtli  of  Jonali  Bagr.  At  tint 
point  (M,  Fig.  40),  a  reef  risea  700  to  750  feat  above  the  fiord  bottom  and  extends  cobh 
tinously  across  the  fiord,  its  presence  being  manifested  at  the  surface  by  a  pair  of  bars, 
eacii  extending  nearly  half  way  across  the  inlet.  Just  west  of  the  middle  of  the  fiord,  the 
channel  has  a  maximum  depth  of  about  15  feet  at  low  tide,  while  at  high  tide  the  pair 
of  projecting  pointa  ia  croaaed  by  aeveral  channels.  The  preaence  of  a  ahoal  h»e  waa 
obaerved  by  Glenn  in  1806  irhm  hia  amaB  ateamer  atrock  the  reef  in  nud-diaaneL^ 

Thia  8h(»l  ia  thou^^t  to  be  a  tenninal  moraine  rather  than  a  rode  leaf  or  a  |Mir  of 
aand  spits  built  out  inm  cither  shine,  both  because  it  rises  out  of  deep  wator  at  a  point 
where  glacial  erosion  must  have  originally  made  the  channel  nearly  if  not  quite  as  deep 
aa  it  ia  to  the  north  and  aouth,  and  becauae  the  auzf  ace  of  the  reef  and  the  projiecting 


points  on  each  aide  of  the  fiord,  where  not  covered  by  aand,  are  made  of  rocks  of 
variaUe  oaea  and  ahapes,  baaiing  facial  atiiationa,  and  indwding  maaaea  far  too  large 
to  have  been  tnuuported  here  bgr  aqj  agency  eioept  a  glacier.  If  the  ahoal  is  made 

of  morainic  material  from  top  to  bottom,  the  presence  of  a  moraine  over  700  feet  in 
height  shows  that  the  ice  front  must  have  stood  at  this  point  for  a  long  time  in  order 
to  acc  umulate  so  large  a  deposit,  for  the  accumulation  of  glacial  material  in  tlie  water 
is  thought  to  be  very  slow.  At  the  surface  the  bar  differs  from  the  terminal  mor&ine 
on  the  land  in  the  absence  of  unaaaorted  clay;  but  even  though  made  in  the  main  of 
tin  the  abaencf  of  day  in  the  upper  portion  ia  eaaily  faq[ilained  by  the  tidal  eoirentB  wiiich 
Glenneetiniatedtoianattherateof  lOknotaanhour.  These  mi{^t  eaaKy  have  washed 
away  the  clay  and  left  only  the  large  rooks,  upon  which  sand  spits  have  been  built  fxosn 
either  shore.  On  the  basia  of  thia  interpretation  the  deposit  may  be  referred  to  na  n 
moraine  bar. 

Five  miles  south  of  this  moraine,  and  just  south  of  the  mouth  of  Siwaah  Bay  is  a 
second  rise  in  the  bottom  of  the  fiord  (N,  Fig.  40).  It  liaes  158  to  828  feet  above  tiie 
fiord  floor,  aKhoogfa  the  water  is  7ff0  feet  deq>  on  its  crest  It  is  impossibk  to  state 
dcfimtdy  iriieliicr  this  is  a  recessional  moraine  or  whether  it  is  a  redf  of  more  reaataat 
rock  which  was  left  by  glacial  erosion  as  a  result  of  glacial  scoa|iing  just  to  tiia  aoHli. 
If  the  latter,  the  depression  to  the  north  (766  to  008  feet  deap)  is  a  rock  basin  prodnoed 

'Glenn,  E.  F,.  Biporb  «f  IsiksBliow  fa  tiw  IMloqr  of  Aladow  N«.  ZZT,  War  Dipt, 


0  M 


na  4k  Nasobui  8o*u  Vmmim  or  UkamiK  biar. 


1800, p.  tC 


Digitized  by  Google 


GLACIEBS  OF  UNAKWIK  INLET  AND  COLLEGE  FIORD  m 

by  glacial  enMioil.  If  the  low  ridge,  or  swdD,  is  a  moraine  it  is  an  accumulation  inter- 
rupting the  nonnal  slope  of  the  fiord  bottom  which  descends  from  a  depth  of  750  feet 
south  of  Uie  Jonah  Bay  moraine,  to  1104  feet  at  the  entrance  to  Unakwik  Inlet. 

Four  and  a  half  miles  north  of  the  Jonah  Bay  moraine  bar,  and  just  west  of  the 
mouth  of  Miner's  River,  is  a  third  submarine  irregularity  (O,  Fig.  40),  interrupting 
tbe  dope  ol  tiie  fioid  bottom,  irhSdx  it  5M  leet  deep  at  die  aid  of  Meavee  GSaoier  and 
70B  feet  neer  Jonah  Boy,  with  mtennediate  depths  of  am  800  feet  on  dither  side  of 
the  swtSL  m  the  iBoid  bottom.  The  ridge  near  Miner's  Barer  rises  800  feet  above  the 
fiord  bottom  to  the  north,  and  246  feet  above  that  to  the  south;  but  its  crest  lies  be- 
neath 582  feet  of  water.  As  in  the  last  case,  it  is  difficult  to  interpret  this  shoal,  which 
may  be  either  an  unremovcd  rock  ridge  due  to  basining  of  the  fiord  bottom  or  a  gladal 
deposit.   For  the  following  reasons,  it  seems  quite  possible  that  it  is  the  latter. 

Ifmei^s  BiYcr,  nhidi  is  the  outlet  of  Boot  Lake  and  *  smaller  bke  beloir  it*  is  eup- 
plied  by  a  stream  from  Pedro  Glaciflr.  At  the  time  wlien  Mearee  Glacier  oeeupied  Hie 
whole  of  Unakwik  Inlet,  Pedro  Glacier  was  one  of  its  tributaries  and,  as  a  much  smaller 
glacier,  should  not  have  been  able  to  erode  as  efficiently  as  the  main  ice  tongue.  In 
the  case  of  the  smaU  glaciers  of  about  the  same  size  as  Pedro  Glacier,  which  occupied 
Jonah  Bay  and  Siwash  Bay,  the  inequality  of  glacial  erosion  resulted  in  these  bays 
being  left  as  submerged  hanging  valleys.  The  valley  occupied  by  Miner's  River,  how- 
iever,  doee  not  now  hatve  tiie  hanging  vall^r  rrfatinnAip  to  the  main  fiord,  for  tihe  water 
is  884  feet  deep  at  the  head  (Fig.  88),  and  480  feet  deep  in  the  entrance  of  the  cove^ 
while  oppoalbt  tins  cove,  in  the  middle  of  the  main  fiord*  the  depth  is  only  582  feet. 
The  hills  near  the  outlet  of  Miner's  River,  however,  separating  Boot  Lake  from  the 
main  fiord  seem  to  be  raorainic  accumulations,  and  it  is  quite  likely  that  Boot  Lake 
is  a  former  branch  of  Unakwik  Inlet  similar  to  Siwash  Bay  but  separated  from  the 
main  bay  by  morainic  deposits.  It  is  therefore  considered  possible  that  the  Boot  Lake 
Tall^  is  »  sobmeqted  hanging  valley  of  the  nsoal  kind*  bvt  that  the  dieoonianoe  is 
not  revealed  beeanse  facial  aocmmdationB  were  made  directly  oppoaite  the  mouth, 
shallowing  the  water  from  850  feet,  or  thereabouts,  to  582  feet 

Just  inside  the  mouths  of  Jonah  Bay  and  Siwash  Bay  are  shoals,  and  Siwash  Bay 
is  deeper  a  mile  or  two  back  from  the  entrance  (144  feet),  than  at  its  junction  with 
the  main  fiord,  where  its  depth  is  only  74  feet.  In  these  cases  also  it  has  not  been  pos- 
sible to  determine  whether  the  idiouls  are  glacial  accumulu  lions  or  rock  reefs. 

Hie  foregoing  statement  makea  it  dear  that  there  is  only  one  krge  aooamnlation  in 
Unakwik  Inlet  whidi  can  be  actually  demonstrated  to  be^  at  least  in  part,  a  receeeional 
moraine.  This  is  the  moraine  bar  rising  nearly  or  quite  to  the  surface  in  the  main  fiord 
opposite  the  mouth  of  Jouah  Bay.  The  shoal  to  the  north,  near  Miner's  River,  is  pos- 
sibly a  recessional  moraine  while  that  to  tlie  south  is  more  doubtful.  If  all  three  of 
these  are  morainic  accumulations,  liowever,  they  furnish  interesting  evidence  of  the 
intervals  between  halts  in  Meares  diacier  us  it  retreated  uorlhward  from  Prince  Wil- 
liam  Sound  to  its  present  posttion.  It  is  five  mike  from  the  soatheramost  moraine  to 
the  one  at  Jonah  Bay,  and  4|  miles  from  there  to  the  one  opposite  Miner^s  Biver  idudi 
ie  fi|  miles  from  the  present  ice  front,  perhaps  indicating  Uiat  Uie  ^ader  halted  long 
enough  to  build  these  deposits  at  rather  even  intervals. 

An  alternate  explanation  of  the  irregularities  in  the  bottom  of  Unakwik  Inlet  might 
be  a  rhythmic  swing  of  erosion  by  a  viscous  ice  body,  with  (I)  a  downward  plunge  at 
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the  86i  foot  badn  oppoote  and  beknr  Briffiaat  CBader,  (2)  aaoHwr  opposite  and  beknr 
Wam'B  Riw,  (8)  »  thwl  near  Shradi  Bagr,  (4)  a  foortli  near  OImi  Uaad  nitfa 

immnimnwd  irmJh  hfttTmm  Trhnrn  thi>  ire  men  affir  ftii  plmnir,  pnrtiipn  hnnanen  a  rrvm 

current  ran  athwart  ita  course  where  tributaries  entered. 

Above  sea  level,  in  TJnakwik  Inlet,  deposits  of  glacial  origin  are  inconspicuous,  usually 
forming  only  a  veneer  of  glacial  till  on  some  of  the  mountain  slopes,  and  the  coarse 
gravel  fans,  where  the  streams  from  Brilliant,  Banney  and  other  glaciers  enter  the  fiord. 

Coast  East  and  West  or  Unakwik  Inxet 

East  of  Unakwik  Inlet  the  mouths  of  Wells  and  Long  Bays  (PI,  XCIII)  are  1404 
and  85^  feet  deep  respectively.  The  fiords  l>etween,  nortli  of  Faimiount  and  (j lacier 
Islands,  are  288  to  420  feet  deep.  Wells  and  Long  Bays  contain  no  tidal  glaciers  at 
present,  but  were  undoubtedly  sculptured  profoundly  by  the  former  ice  tongues  in 
them,  iribkfa  ipere  tribotaiy  to  the  ancMot  ioe  aheet  of  B^noe  TOliam  Soimd. 

Eaf^  Bay»  cKtaoding  paialU  to  Unakwik  Inlet  just  irait  ti  Ft  Fdler,  ia  oalr 
5|  miles  in  length.  EagUc  Glacier,  a  mall  ice  tongue,  tenninafting  half  a  mile  from 
the  head  of  the  hay,  was  evidently  once  a  tributary'  of  the  Prinro  WlUiam  Sound  iee 
sheet,  for  the  sides  of  Eaglek  Bay  (896  feet  deep)  bear  evidence  of  glacial  erosion. 

Esther  Passage  is  a  narrow  channel  between  Esther  Island  and  the  mainland,  con- 
necting the  east  side  of  Port  Wells  with  Prince  W^illiam  Sound.  It  has  a  length  of  about 
twelve  milei,  awidlholfRmileMthanaqaartcrof  anuleto»nttleandaqaarlflr,aail 
la  ytnj  ainuoua  in  outline.  The  aouthward-tiending  eastern  part  of  the  paaaa^a  haa 
been  notably  modified  by  glaciation.  Its  depth,  142  feet,  near  where  a  glaciated  valkgr 
comes  in  from  the  north,  and  354  feet  at  the  moutli.  where  it  enters  Prince  WilHam 
Sound,  seems  to  be  due  to  glacial  erosion.  Between  these  points  is  a  place  555  feet 
deep,  probably  representing  a  glacial  rock  basin.  The  western  part,  which  has  a  depth 
of  66  feet  where  it  enters  Port  W'ells,  has  not  been  much  modihed  by  glaciation. 

College  Fiord 

Oeneral  Description.  West  of  Unakwik  Inlet  is  Port  Wells,  which  is  the  westernmost 
of  the  fiords  entering  Prince  William  Sound,  and  one  of  the  largest  fiords  tributary  to 
that  body  of  water.  Port  Wells  has  two  branches,  CoU^e  Fiord  and  Harriman  Fiord, 
the  htter  coming  in  from  the  northiraat,  the lonnarfim  the  nortiieast  CelkiieFionl. 
whose  general  trend  is  north  northeast,  has  a  total  length  of  94  miles,  and  vaiiea  in 
width  from  2  to  3  miles^  its  walls  being  nearly  emywhen  precq>itoaa.  It  haa  two 
indentations,  both  on  the  east  side,  the  southernmost  being  a  broad  cove  at  the  outlet 
of  Coghill  River  8  miles  north  of  Port  Wells,  tlxe  second,  Yale  Ann,  a  tributaiy  fioid 
8  miles  in  length  entering  College  Fiord  6  miles  south  of  the  head. 

Harvard  Glacier  is  at  the  head  of  College  Fiord,  Yale  Glacier  forms  the  head  of  Yale 
Ann.  There  are  ei|^t  small  cascading  glacien  in  the  upper  part  of  CoO^  llonL  aewn 
on  the  west  nde,  and  one  on  the  east,  and,  of  these,  four  descend  the  fiord  wall  to  the 
water.  In  the  lower  part  of  College  Fiord,  there  aie  five  moderate-sized  glaciers  on  the 
east  aide^  induding  Dartmouth,  Williams,  Amherst,  and  Crescent  Glaciers,  all  of  which 
wnr  end  some  distance  back  from  the  water.  Beside  these  glaciers  there  are  numerow 
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small  ice  masses  on  mountain  slopes  and  in  cirques,  including  Tommy  and  Cap  Gl»> 
tisn*  tontli  of  GmoflBt  GlM^tr*  nd  soont  €f  nBsfltrt  wiPiiwud  ^msmm* 

PmimuaiiiiUt,  Tlw  ^acbncl  College  Floid  wen  teen  by  Wludbcj'olVi^^ 
pttly  in  1794,  Applegate*  in  1887,  Glenn,'  Castner/  and  MendenhaU*  in  1808,  th0Bnp> 
liman  Expedition*  in  1899,  and  Grant,  Paige,  and  Higgins  in  1005  and  1909J 

The  most  important  of  these  visits  were  those  by  the  Harriman  Expedition  and  by 
Grant  and  Uiggins.  In  1899  Gaimett  of  the  Harriman  Expedition  made  a  general 
map  of  College  and  Harriman  Fiords,  showing  the  glaciers.  The  other  members  of  the 
Harriman  Expedition  aUo  took  niany  photognqiha,  and  Gannett  and  Giib^ 
gkefan  aefdOyaetkeir  brief  viiitpemdttad.  During  Gnat'aaevenl  vi«tsnioi<epMi>- 
fraplit  and  deeei^ptkme  were  made,  and  a  alitt  move  detailed  map  was  made  by  Higgins. 

hk  1910  (July  15HU(),  the  National  Geo^nraphic  Society's  Expedition  studied  the 
leaders  and  glaciation  of  upper  College  Fiord  in  some  detail,  makinf»  the  contour  nu^ 
reproduced  as  Maj)  7  and  the  soundings  shown  on  Figs.  43  and  Plate  ('XXVI.' 

Whidbey  's  description  of  conditions  in  College  Fiord,  quoted  by  Vancouver,'  is  of 
eonmderable  interest.  In  June,  1794,  he  proceeded  up  College  Fiord,  from  Point  Ftk' 
fliftam  nt  iteeoutfaireet  cntftae^  through  "much  floating  ioe.'*  After  going  three  milea 
""thflgr  met  eorii  imnnneraUe  huge  bodies  of  ice,  aome  afloat,  othen  lying  on  the  ground 
near  the  shore  in  ten  or  twelve  fathoms  water,  as  rendered  thior  further  progress  up 
the  branch  rash,  and  highly  dangerous.  This  was,  however,  vcr>'  fortunately,  an  ob- 
ject of  no  moment,  since  before  their  return  they  lia<l  obtaine<i  a  distinct  view  of  its 
termination  about  two  leagues  further  in  the  same  direction,  by  a  firm  and  compact 
body  of  ice  reaching  from  side  to  side,  and  greatly  above  the  level  of  the  sea;  behind 
nUeh  cBCtcnded  the  oonthnuitioii  of  lha  nme  SNige  of  kfly  moontaine,  ivhoee  iniii» 
nuts  iiteieJ  to  be  higher  than  any  that  had  y«t  been  seen  on  the  coast 

"Whilst  at  dinner  in  this  situation  ikey  frequently  heard  a  veiy  loud  rumbling  noise, 
not  unlike  loud,  but  distant  thunder;  similar  sounds  had  often  been  heard  when  the 
party  was  in  the  neighborhood  of  large  bodies  of  ice,  but  they  had  not  before  been  able 
to  trace  the  cause.  They  now  found  the  noise  to  originate  from  immense,  ponderous 
fragments  of  ice,  breaking  off  from  the  higher  parts  of  the  main  bod^ ,  and  falling  from 
a  ray  conriderdJe  hei^t,  which  in  one  instance  produced  so  vidoit  a  dioek,  tiiat  it 

•  Vaooouver,  George,  A  Voyage  of  Diaoovery  to  the  Pacific  Ocean  and  llouad  the  Worid.  Vol.  V,  1801, 

pp.tia-ai4. 

>  Applrpite,  S.,  ManuKiipt  map  reproduco<I  by  Davidaon«  George.  The  Glaciers  of  Alaskn  that  are 
Shown  oa  Roaitan  Charts  or  MfiatiiMwd  in  Older  Nanativcik  Tnaa,  aad  Fioe.  Qoog.  Soc^  Pacific^  Vol.  8, 
Met,  p.  89  and  map  XL   

•Glenn,  E.  F.,  War  Dept.  A4iMka.  OIBm^  No.  ZX?.  Wlk  pp. sad  Mp  po^. 

« Gartner,  J.  C,  Ibid^  pp.  190-191. 

•  MeodenhaU,  W.  C,  SOth  Ann.  Rept..  U.  S.  Geol.  Survcgr.  Part  VII.  1900.  pp.  279-325.  and  PL  XIX.  A. 
•taartt,  Hevy.  Nat  Ocof.  Mbc  Vol  X.  tm,  pp.  n%^l  aad  upt  Bdl.  Abut. Ctosf. 8o6.  VoL 

XXXI.  1800.  p.  S54;  Burroughs,  John.  Harriman  Alaska  Ezpeditki^  YoL  1»  IffHU  PP.  6M«i  QtbuU  6.  JL, 
Harriman  Alaaka  Expedition.  Vol.  III.  1904,  pp.  81-80  and  map. 

>  Grant,  U.  S.  and  Higgins,  D.  F.,  Glaciers  of  Port  Wells,  Prince  William  Sound,  Bull.  Amer.  Gcog.  Soc.. 
Tol.  XLm.  1911,  pp.  m-^i  Tidewater  Glacfan  of  Prince  WilliRiB  SoiiDd  and  EMai  FninMh.  BoD 
tJ.  S.  Geol.  .Survey  (in  preparation):  Map  in  Bull.  443.  U.  S.  Geol.  Sur\ey.  1910,  PI.  II. 

•  Martin,  Lawrence.  The  National  Geographic  Society  BeMarcfaes  in  Alaska,  Nat.  Geog.  Iklag.,  Vol.  XXII, 
mi.pp.Ml-««.U»4eo.  SoM  Fntaiw  of  GiMiM  and  GiMdation  IB  th»  GoD^  Ikrd.  FkiiM 
Sotmd.  Alaska.  Zcit^chrift  flir  GldiMtaDdrk  Bted  yH  Bdt  tf,  MU,  pp.  fM-ttS. 

•  O^cit,  pp.  812-^14. 
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was  sensibly  felt  by  the  whole  party,  although  the  ground  on  which  th^r  weie  WU  at 
least  two  leagues  from  the  spot  where  the  fall  of  ice  had  taken  place.** 

Hanard  QtaeUr.  Harvaid  Glacier,  at  the  head  of  CoU^  FkmU  is  aa  iee  tongw 
certainly  over  8  miles  in  length  and  fwobafaljr  at  least  twice  as  long.  It  heads  on  a  <E> 
vide  at  the  crest  of  the  Chugach  Mountains  and  from  the  same  pass  MatannilcA  j 
Glacier  flows  northward.^  Harvard  Glacier  has  a  width  of  a  mile  to  a  mile  and  a  quarter 
in  the  portion  near  the  terminus  and  is  fed  by  six  good-sized  trihutan.'  glaciers  in  the  | 
lower  6  miles,  while  many  other  tributaries  enter  above  from  cirques  east  of  Mt.  Grant* 
The  lower  tributaries  are  all  cascading  glaciers,  the  only  ones  named  being  RadcMe, 
Eliot,*  and  Lowdl "  i^acien.  These  cascading  trifautate  hmn  an  avciage  slope  el  111 
to  2400  feet  to  the  mile  in  their  lower  oouae,  while  the  average  slope  of  the  lower  4| 
mike  of  the  main  ice  tongue  is  caafy  700  feet  per  mile.  Harvard  Glacier  &ad»  in  a  tidal 
ice  cliff  SAO  feet  high  in  1890,  the  eastern  part  being  lowest  in  1910,  as  in  1899.  That 
the  glacier  end  is  not  afloat  is  proved  fagr  the  fact  that  a  half  mile  from  the  tenuous  , 
the  fiord  is  only  636  feet  in  depth. 

The  surface  of  the  main  glacier  (PI.  CXIV,  A)  is  severely  crevassed  throughout  its 
iriiolevisiUeeKlent,  and  iqwu  it  are  eight  prominent  medial  moraines,  most  of  iHiidicsn 
be  traced  badcwaid  to  a  point  wliere  thcgr  enter  as  lateral  morainea  from  the  maigiBs  d 
tributary  glaciers.  There  are  also  several  subordinate  mediaJs  near  the  east  side  of  the 
glacier.  The  position  of  the  medial  moraine  formed  by  the  north  lateral  moraine  of  the 
Radcliffe  Glacier,  indicates  that  in  1910  the  RadcHffe  was  almost  as  strong  as  the  main 
Harvard  Glacier  above  the  junction;  for  this  medial  moraine  reaches  the  terminal 
cliff  of  Harvard  Glacier  nearly  in  the  middle,  showing  that  at  least  in  the  upper  layen 
the  ice  from  Raddiffe  Glacier  compresses  the  Harvard  stream  to  half  of  its  BfliBil 
width.  Tliis  is  also  shown  in  a  unique  way  by  the  cross  section  of  all  of  the  nudU 
moraines  levealed  on  the  preopitoua  front  of  Harvard  Glacier.  These  moraines^  whose 
lock  fragments  daiken  the  otherwise-white  face  of  the  cliff  from  top  to  bottom,  ait 
not  vertical  in  cross-section  (PI.  ('XIV,  B),  but  are  inclined  at  angles  of  from  70°  to 
22*.  The  fact  that  the  top  of  each  inclined  moraine  section  is  farther  east  than  the 
bottom,  indicate.s  that  the  push  of  the  RadcUffe  Glacier  which  comes  in  from  the  west 
is  responsible  for  this  inclined  position.  ' 

It  is  possible  llmt  the  leason  why  the  Raddiffe  Ghuaer  Is  abk  to  domhuitetlM  ! 
Harvard  ice  tongue  is  because  the  Raddiffe  has  so  nmch  steeper  dope  than  the  Harvard. 
Its  dope  is  not  much  steeper  than  the  other  tributaries  like  the  E^ot  CHader,  but  the 
descent  in  a  short  distance  is  greater.  It  may  be  that  this  is  only  a  superficial  influ- 
ence, that  is,  tliat  R^iddiffe  Glacier  flows  out  and  rides  upon  the  surface  of  Harvard 
Glacier  because  of  some  rather  re<  eiit  a<l\  anw. 

There  is  a  broad  lateral  moraine  on  each  side  of  Harvard  Glader,  the  two  lateral  I 
morainea  at  the  terminus  bemg  respectively  the  south  laterals  of  the  Raddiffe  and 
Lowdl  Gladesa,  idiile  the  latcnd  monunes  farther  north  on  Harvard  Glader  ars  di-  i 
verted  sucoesdvdy  and  become  medial  moraines  bdow  the  entrance  of  each  of  Iha 
tributaries. 

*  8m  FL I  Bdl.  M7,  V.  8.  G«oL  Sonragr.  IMT. 

» Named  in  1910  for  ftof.  U.  S  Crnnt  of  Northwestern  IMvanltgr. 

•  Named  ia  1010  for  Chsdsi  W.  £liot  and  A.  Lawmice  Lowdl  As  hmm  pwrfdmt  aad  the  proKiit  p(t» 
dni  ef  Bitvsid  DslMirftj* 
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It  k  imposaible  to  say  how  flradi  Hirraid  Glaefer  magr  htm  letrMtad  fram  ITM  to 
'  1887  and  1806,  for  the  map*  are  not  detailed  enou^  Applegate't  mi^  made  m  1887, 

«eeixi8  to  indicate  that  the  terminua  of  Harvaid  Glacier  had  about  the  same  rdatuMiahqy 
to  the  cascading  glaciers  on  the  western  side  of  College  Fiord  as  when  Gannett  made 
his  more  accurate  map  in  1809.  The  glacier  seems  to  have  changed  very  little  between 
1899  and  1905.  An  advance  took  place,  however,  between  Grant's  first  visit  in  1905 
and  his  second  visit  four  years  later,'  estimated  to  have  been  half  a  mile  on  the  western 
iide  tt  glacier  and  quarter  of  a  mile  on  the  eaetem  aide.  Gannett'a  map,  made  in 
UM»  when  compared  with  the  Higgina  mi^  ten  yean  later,  ahowa  deoriy  that  the 
advwioe  could  not  have  been  ao  great  as  thia  without  great  retreat  from  18M  to  1905. 
In  1910  the  junior  author  compared  photographs  taken  in  1899,  1005,  and  1909  with 
conditions  in  the  field  and  is  inclined  to  think  there  was  little  if  any  retreat  from  1899 
to  1905,  and  to  place  the  advance  h<'tween  1905  und  190S)  at  a  much  smaller  figure  than 
Grant  does,  probably  not  more  than  two  hundred  yards.  i3etween  1909  and  1910  the 
tontmnadon  d  thia  advanoe  amounted  to  only  100  or  150  ieoL 

Thia  recent  adraaoe  it  ahown  deady  in  photogrqiba,  ^rfiidi  bring  out  the  forward 
movement  of  the  east  side,  and  the  overriding  of  a  narrow  barren  zone  on  the  woatem 
edge.  The  incUned  moraines  of  the  terminus  were  also  pushed  farther  over  by  an  ad- 
vance of  RadcIifTe  Glacier  at  the  same  time.  The  advance  in  1910  resulted  in  increased 
crevassing  in  tlie  lateral  moraines  on  either  margin  of  Harvard  Glacier  near  the  tenninus, 
and  in  the  overriding  and  destruction  of  forest  on  each  side. 

Thii  advance  waa  actually  in  progrew  idwn  wo  viaited  Hanrard  Glacier  on  July  17 
to  tB,  1010.  One  of  the  pwmouiBced  effeeta  of  the  advanoe  waa  the  increaae  in  wave 
work  as  the  result  ol  more  active  discharge  of  icebetgi.  By  these  icebergs  waves  a 
delta,  built  by  the  stream  from  Downer  Glacier,  a  quarter  of  a  mile  from  the  glacier 
iront  was  being  cut  away  at  a  verj'  rapid  rate.  A  precipitous  wave  cut  cliff  in  the  gravels 
•of  this  delta  had  a  height  of  40  feet  in  1010,  most  of  the  cutting  having  taken  place 
during  the  previous  year. 

At  thoweatemod^  of  Harvard  Glacier  (fL  CXV),  where  the  advance  in  1010  aeemed 
to  be  dm  to  activity  of  Baddiflfo  tribotaiy,  a  puah  moraine  waa  being  foimed  on  the 
beach.  Along  the  glacier  miwgin,  a  short  distance  to  the  northward,  the  moraine  waa 
made  up  largely  of  an  inextricable  tangle  of  macerated  fragments  of  trees  and  roots, 
mixed  with  soil,  mos.s,  peat,  gravel,  and  till.  There  were  well-developed  peat  rolls, 
and  in  places  the  push  moraine  was  15  feet  high.  One  of  the  trees  which  has  just  been 
overturned  was  a  spruce  12  inches  in  diameter  and  probably  over  100  years  old,  in< 
4iirating  that  the  glacier  had  not  pieviooaty  advanced  aa  far  aa  the  present  atage  lor  at 
leaat  a  oentmy.  On  thia  ode  of  the  fiord  as  on  the  eastern  aide  there  has  been  an  in- 
crease in  activity  of  iceberg  wmvea  which  baa  reauHed  in  the  cutting  of  fittlo  diflB» 
and  the  uprooting  of  shrubs. 

Cascading  Glaciers  of  College  Fiord — General  Description.  On  the  western  side  of 
College  Fiord  there  arc  seven  cascading  gla<"iers,  as  well  as  a  number  of  much  smaller 
ice  masses.  These  Mendenhall '  described  in  1898  as  follows:  "Numerous  small  gla- 
cien^  easily  ifialingiiiabed  from  the  nnconaolidated  snow  by  the  Uue  color  of  their  fronta 
and  crovaasea,  hnng  from  the  summits,  or  extended  down  the  slopes." 

•  Gnat,  U.  8.  and  Hig^  D.  P..  BidL  Amt.  Geof.  floe,  YoL  XLIII,  Ull*  p.  IM. 
■  ItetaMl  W.  C«  TtPHrtislh  Amsl  Bcpoit  1J.  S.  GwL  Swpqr.  M  m  IMO^ 
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AB  of  these  cascading  ice  streams  were  formerly  tributaries  to  Harvard  Glacier,  and 
they  bav«  been  detadied  from  tbe  main  glacier  as  m  nsolt  of  its  retreat  imrtliwwi  put 
tach  wcueaaive  Mscade.  In  fhe  same  my  a  further  refbeet  of  Harvard  Glacier  for  a 
mile  and  a  half  would  transfoim  RadcUffe  Glacier  into  a  aqMcate  cascading  tongue. 

Named  in  order  from  Harvard  Glacier  southward,  these  cascading  ice  falls  are  Balti- 
more, Smith,  Bryn  Mawr,  Vassar,  Wellesley,  Barnard,  and  Holyoke  Glaciers.  On  the 
eastern  side  of  the  fiord,  opposite  Baltimore  Glacier,  is  Downer  Glacier,  which  has 
rather  recently  ceased  to  be  a  tributary  of  Harvard.  Smith,  Bryn  Mawr,  V^assar,  and  I 
Welledcgr  Glaciem  bave  sti£Bcient  amnr  supply  so  that  tbej  stOl  eclend  doim  the  field  | 
waO  and  end  in  the  water  (PL  Q  B).  The  other  famrmfing  gUciera,  with  smaller  snour- 
fields,  end  some  distance  thort  the  fiord»— -1004  feet  in  the  case  of  Baltimore  Glader 
and  950  feet  in  the  case  of  Downer. 

The  slopes  of  these  cascading  glaciers  average  alwut  2.oOO  feet  to  the  mile,  beinj? 
very  much  greater  in  some  parts  than  in  others  bcc-ause  tlie  lower  slope  of  the 
fiord  has  been  much  oversteepeiied  by  glacial  erosion  and  because  the  upper  parts  of 
aome  of  the  glaciers  are  in  hanging  valleys.  In  each  case  the  lower,  or  cascading  pot- 
tion  of  tlww  gladen  is  in  a  dtalkw  valley,  inteirupting  the  slope  of  the  fiord  walL 

Several  of  the  cascading  glaciers  have  built  tetminal  moraines  and  ontwadi  fans  in 
the  fiord,  giving  rise  to  a  narrow  piedmont  flat  at  the  base  of  the  western  fiord  waB. 
Vassar  and  Bryn  Mawr  Glaciers  spread  out  upon  this  flat,  so  that  below  the  ice  cascade 
there  is  a  gently-sloping  terminus  extending  from  the  base  of  the  mountain  to  the  sea. 
Wellesley  Glacier  formerly  had  such  an  expanded  foot,  but  has  retreated  so  that  a 
good-sised  cove  interrupts  the  narrow  coastal  plain,  the  glacier  ending  three  quarters 
of  a  mile  bade  horn  the  main  fiord.  Within  the  cove  the  water  is  48  feet  deep. 

From  Downer,  Baltimore,  Banard,  and  Holyoke  Glaciers,  which  end  high  above 
the  fiord,  large  streams  desomd  in  foaming  waterfalls,  building  deltas  where  they  enter 
the  fiord.  A  similar  stream  descends  the  fiord  wall  fnmi  a  minor  lobe  of  Vassar  Glacier, 
which  ends  2000  feet  above  the  fiord. 

Downer  and  Baltimore  Glaciers.  This  pair  of  ice  tongues  which  would  be  the  first  ones 
to  reunite  with  Harvard  Glacier  if  there  should  be  general  advance,  have  not  changed 
greatly  since  1800,  tiie  period  of  photographic  observations.  Downer  Racier  ^  h  a 
dean,  white  Ice  tongoe  with  no  moraine.  Beyond  its  end  there  is  an  eiAtnatrt  bancn 
zone  0.50  feet  above  sea  level,  ^diidi  diows  that  there  has  been  retreat  in  recent  years. 
Indeed,  fully  a  third  of  this  barren  zone  has  devdoped  since  1880,  and  part  of  il  may 
be  glarinl  ice,  mantled  with  ablation  moraine. 

The  stream  from  Downer  Glacier  descends  through  a  steep-sided  rock  gorge,  below 
which  is  the  torrential  delta,  already  referred  to.  Upon  its  surface  were  shrubs,  none 
over  6  or  7  years  old,  indicating  that  there  had  been  no  great  artiTity  of  delta  buBdhig 
since  lOOS  or  thereaboats. 

Baltimore  Glacier,  which  is  fed  from  snowfields  that  coalesce  wiUi  those  supplying  i 
Smith  Glacier,  is  also  a  clean  white  ioe  mass,  with  no  moraine  except  small  medials 
near  the  terminus.  Half  a  mile  from  the  end  it  bifurcates,  the  north  lobe  being  larger  and 
and  ending  lower  (1004  feet)  than  the  south  lobe.  .\  barren  zone  about  its  temnnus 
indicates  that  the  glacier  is  less  extensive  tlian  it  was  a  few  years  ago;  but  while  Rad- 
diflie  and  other  cascading  glsders  to  the  south  advanced  betweea  1808  and  1810,  there 

>  Named  in  1910  for  the  Milwaukee-Downer  College  for  Women,  in  Wisooiwa. 
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k  M  •ndanee  «l  advwiw  in  tho  Bdtinioie  Glad«r»  1^ 

(of  pbotosnplii.  TbeieiranahnilMatliM  veiyedgeof  t]ieMe»lwtfa^ 

<     Ck  fM  level  it  w&s  impossible  to  tell  whether  any  had  been  overridden.  Along  poctioai  of 
the  mnrf^in  ioe  blcx-ks  were  sUdinp  down  the  steep  slope  and  across  the  barren  zone. 
We  were  inc  lined  to  suspect  advan<  e  in  progress  in  July,  1910,  but  could  not  be  certain. 
Smith  (ilacier.    Smith  Ghicier,  which  has  a  length  of  about  S|  miles  and  a  width 

i  of  from  1800  to  S200  feet,  is  fed  by  two  large  and  two  small  tributaries  which  head  in 
cnqiMS  4000  to  MOO  feet  above  the  fiord.  The  glider  daMoida  at  tlie  »ke  of  8800 
fcet  to  the  mile  and  is  seventy  aeyaiwd.  The  lip  of  Ha  haogng  valkgr  is  at  a  level  ol 
UOS  fcet,  and  thaie  are  subordinate  cascades  higher  up.  There  are  bvoad  diltfetaiaed 
areas  on  either  margin,  but  no  definite  lateral  moraines.  There  is  a  pronounced  medial 
moraine,  formed  by  two  lateral  moraines  uniting  at  the  spur  2387  feet  above  the  fiord, 
and  another  from  the  .SOOO  foot  spur  on  the  east  wall.  The  tenninus  is  a  precipitous 
ice  cliff  rising  about  100  feet  above  the  sea.  At  sea  level  just  north  of  the  middle  of  this 
ieediff,  loek  ledges  are  eqioaad  baoaalh  the  flaciar. 

Gilbert  it«tM  thai  in  1890  Smith  Glacier  naA&d  "the  fiotd  thiee  or  four  milea  horn 
tin  Baddiffe,  and  ia  of  the  same  order  of  mafsitiide.  Fed  by  several  tributaries  among 
the  crests  of  the  range,  it  gathers  in  a  high  moimtain  valley,  and  then  descends  in  mag- 
nificent cascades  down  the  mountain  front  to  the  sea.  In  the  last  part  of  its  course  it 
has  scarcely  any  valley,  the  outer  surface  of  the  ir-e  lx»ing  practically  flush  with  the 
face  of  the  mountain;  and  there  is  no  flattening  of  its  profile,  as  it  reaches  the  water. 

^  Thoo^  its  lower  ikipe  is  so  seamed  by  crevasses  as  to  edubit  a  mere  congeries  of  pia« 
Badea,  two  finca  of  asadial  monine  are  distinctly  traoeable»  each  partitioning  off  a 

I    fourth  part  of  the  ice  stream  at  the  side.'* 

This  description'and  the  photographs  made  by  the  Harriman  Expedition,  show  that 
Smith  Glacier  changed  very  little  between  1899  and  1909.  One  of  these  photographs 
(E.  H.  H.,  81)  shows  a  narrow  barren  zone  on  ea(!}i  margin  of  tlie  glacier  extending  up 

'     the  mountain  slopes  to  about  1400  feet.   In  a  photograph  taken  by  Grant  on  July  1, 

I  1000,  the  same  barren  zone  apparently  shows  on  the  north  side  of  the  Racier.  In  July, 
1010^  Smith  Glader  was  ^etive^y  advandpg,  apparsntly  having  commenced  sfaice  Grant's 
visit  the  year  before;  and  no  barren  sone  was  left  around  its  borders.  On  the  south  side 
at  sea  level,  the  glacier  had  spread  to  the  edge  of  Ihe  banen  lone,  where,  15  or  20  feet 
from  the  glacier,  an  earlier  lateral  i)ush  moraine  crossed  a  marginal  stream,  down  which 
small  ice  fragments  were  floating.  Higher  on  the  mountain  slopes  the  ice  was  advanc- 
ing into  the  forest  and  destroying  shrubs. 

The  north  side  of  Smith  Glacier  had  spread  farther  than  the  south  side,  and  at  the  time 
«f  ow  vint  was  jost  beginning  to  destray  the  alder  along  the  margin,  ocq^ 
lAeee  it  was  advaadog  acNM  a  narrow  aone  of  bare  rode.  Along  the  advancing  maigiB 
the  alders  were  bdng  destroyed  in  three  ways, —  by  actual  overriding  of  the  spreading 
glacier,  by  stream  encroachment,  and  by  ice-block  a\  alanches  which  rolled  some  distance 
out  into  the  forest  (PI.  CXVI),  knocking  down  and  breaking  off  shrubs  and  removing 
their  bark  6  or  8  feet  above  the  ground.  By  the  advance  a  marginal  stream  had  been 
diverted  some  distance  northward  into  the  forest. 

It  wna  hnpoasihb  to  tdl  omelly  how  mudi  the  tidal  tenninus  of  the  Racier  had  moved 
forward  since  1000  but  there  was  undoubtedly  several  hundred  feet  of  advance,  aoeom- 
pauyittg  the  sioeading  on  the  north  and  south  margins.  Flatei;xVil,A,  from  the  north 
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■de  Amn  a  flat  tidal  tammiM  estendiiig  a  ahart  diwlancc  out  into  tlie  fioid,  lAtn 
Gillwrt  saya  theve  was  none  in  1899.  The  extreme  southern  edge  of  the  ice  cliff  was  a 
black,  cievaased  preci|»oe^  the  lateral  motaine  of  1888  having  been  podied  forwanl  I 

into  the  sea. 

Bryn  Mawr  Glacier.  Bryn  Mawr  Glacier  (PI.  CXVIII),  the  largest  independent  cas-  j 
cading  glacier  in  College  Fiord,  is  over  3  miles  long  and  varies  in  width  from  f  of  a  mile  I 
to  a  mile.  It  is  fed  by  two  large  tributaries  which  unite  2040  feet  above  sea  level,  com-  I 

cirques  at  tho  leval  of  about  4800  feet  Below  the  lq»  of  tiie  main  hanging^ 
vaOtj,  1841  feet  above  aaa  level,  the  alope  of  tbe  ghder  averages  8700  fset  tothemila. 
Above  this  levd  tiie  slope  flattens  to  the  junction  of  the  tributaries,  each  of  which  plunges 
down  from  a  secondary  hanging  valley  at  a  level  of  about  2500  feet.  At  the  base  of  the 
steepened  valley  slope  the  glacier  forms  a  slightly  expanded  piedmont  bulb,  and  the 
lower  i  of  a  mile  has  a  very  low,  flat  surface  grade.  As  in  the  Smith  Glacier,  there 
are  no  weU  defined  lateral  moraines,  but  a  strong  medial  moraine  extends  from  the 
jmielion  of  the  tribntariea  to  the  aea.  Tlie  glacier  diachaigea  mote  ioabeigi  tium  aagr  1 
of  the  other  eaacadmg  tongnea  and  terniinatea  with  a  pteeqint^ 

Gilbert  states  that  the  Biyn  Mawr  Gladar  *'next  south  of  tiie  Smith,  is  somewhat 
larger.  Its  two  main  branches,  gathering  in  mountain  valleys  not  well  seen  from  the 
sea,  became  visible  in  twin  cascades,  and  then,  uniting  their  streams,  make  a  second  leap 
to  the  sea.  As  tide  is  rea<'he<l,  there  is  a  tendency  to  flatten  the  profile,  and  tlie  central 
portion  of  the  stream  becomes  nearly  or  quite  horizontal  for  a  few  hundred  feet  bef<»e 
bicaking  off  in  the  twmiinal  diff." 

This  diowa  deaify  that  the  flBcpaaded  hmw  porlkn  with  a  flat  foot,  waa  already  de> 
veloped  in  1888  and  photographs  by  Giant  and  Paige  inpove  this  condition  to  have  con- 
tinued in  1805  and  1909.  There  was  a  narrow  barren  sone  on  either  margin  in  1899  and 
probably  in  1905.  Grant  has  stated  that  "a  comparison  of  the  photographs  taken  in 
1899  witli  these  taken  in  1909  indicates  that  the  glacier  was  farther  advanced  at  the 
latter  date  and  that  its  front  (eq)ecially  the  southern  half  of  the  front)  deployed  more 
widi^F  on  the  diaDow  bottom  of  CSollege  FionL  A  photograph  takenin  1808  and  mi 
hmwemion  four  years  later  indicates  that  the  glacier  was  leas  advanced  at  the  faiiier 
di^  and  that  H  waa  then  (1808)  at  approximately  the  same  position  as  in  1888.  A^r 
dose  estimate  of  Uie  actual  amount  of  this  advance  (as  recorded  in  the  photograpiia 
taken  in  1909)  is  impracticable  from  the  data  at  hand,  but  it  is  probably  as  much  as  500 
feet."  His  photographs  show  an  extensive  gravel  beach  still  bordering  the  southern 
half  of  the  ice  front  in  July,  1909. 

There  was  very  considerable  advance  between  July,  1800,  and  July,  1810,  for  a  photo- 
gn^h  from  Grant's  aite  on  College  Faint  showa  a  lateral  spreading  of  aeveral  aoorea  «i 
feet  on  both  north  and  aonth  maigina  of  the  glader.  That  there  has  also  been  proooanoed 
forward  movement  is  evident  by  comparing  the  conditions  in  July,  1010,  with  a  photo^ 
graph  taken  by  the  Harriman  Expedition  in  1899.  In  this  interv'al,  the  Bryn  Mawr 
Glacier  had  advanced  several  hundred  feet,  most  of  the  advance  apparently  taking  place 
during  1910. 

On  each  side  of  the  glacier  a  small  stream  emerges  from  the  ice,  and  at  the  time  of  our 
visit  the  borders  of  the  ^ader  were  encroadiing  on  these  stream  oonrses.  AU  along  ita 
northern  margin  the  Biyn  Blawr  Glacier  waa  advaaoiag  into  the  forest,  where  it  waa  killiqg 
spruces  iq)  to  5  indiea  in  diameter,  snggestxng  that  the  giader  had  not  been  so  large  lor 
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a  half  oeatuiy  or  thereabouts.  Sometiniet  a»  much  as  25  foot  oataide  the  area  where 
trees  were  being  ovendielmed,  ahnibs  w«re  ernahed  and  trees  bariced  and  bcoken  br 

blocks  of  ice  that  had  tumbled  from  the  glacier  margin. 

The  south  side  of  Bryn  Mawr  Glacier  showed  aethre  advance  at  tlie  time  of  our  visit, 
the  margin  of  the  glacier  having  a  push  moraine  made  up  of  gravel  on  the  beach  and 
alluvial  fan,  and  of  turf  and  soil  farther  back  from  tlic  shore.  The  site  of  a  push  moraine 
<^  1899  was  completely  overridden  and  tlie  new  push  moraine,  6  to  10  feet  high, was  filled 
with  trunks  of  overwhdmed  shrubs,  many  of  them  still  retaining  the  leaves  of  1910 
growth.  In  aomeplaoes  the  torf  outside  of  the  push  moaramehad  been  dkoved  up  mto 
km  arches  by  the  advancing  glacier.  Wilbwa  and  aiders  that  were  being  ovenHkdmed 
were  from  10  to  15  years  old,  and  in  one  case  possibly  as  much  as  25  years  old.  There 
was  no  barren  HNie  left  on  tiie  south  aide  of  the  giader,  the  advance  haviiig  enkifdljr 
covered  it. 

This  advance  had  displaced  the  south  marginal  stream  so  that  it  was  flowing  through 
the  bushes  south  of  its  previous  course  and  carrying  them  down-  stream.  At  one  point 
alobeof  theieewfaidiwassweptby  the  stieam  had  been  undercut  until  a  small  avalandifr 
of  ice  lAoekB  was  f otmed  and  these  blocks  wen  floating  down  the  stream  toward  the  aea^ 
ooming  from  a  point  on  the  glacier  margin  nearly  a  quarter  of  a  BiifefioBitiie  fiord.  Near 
the  beach  the  drainage  was  obstructed  by  the  ice  advance  and  several  small  poob  were 
formed  between  the  advancing  ice  front  and  an  older  terminal  moraine.  At  several  points 
along  this  southern  margin  of  Bryn  Mawr  Glacier  the  upper  layers  of  the  ice  had  been 
thrust-faulted  forward  over  the  lower  layers  so  that  spUutera  of  ice  projected  into  the 
foRit,  aa  iru  the  oaaa  on  a  laifer  aeaia  at  Coloiiibia  GliMiflr. 

The  area  on  tiie  southern  border  ol  Bryn  Mawr  Glacier  whidi  is  being  overridden, 
is  part  of  a  creacehtic  tarminal  morainot  with  kndba  and  basins,  built  by  the  glacier  at 
a  time  of  much  greater  eq>ansion,  and  now  grassed  over  and  partly  covered  by  alders 
and  spruces,  some  65  years  old.  It  U,  therefore,  at  leaat  that  long  since  thia  older  ter- 
minal moraine  was  built. 

VoMor  Glacier.  Vassar  Glacier  diffcn  from  Smith  and  Biyn  Mawr  in  having  a  well- 
ddbisd  Mb  «t  tho  kmnr  end.  The  i^acier  heada  In  diqaea  MO  to  5000  feet  dbovv 
aea  level,  and  la  about  ^  mHea  long^  a  mile  wide  at  its  anowfield,  and  tfan^-eii^thB  ol 
a  mile  wide  where  it  plunges  ov«r  the  lip  of  its  hanging  vaflflor  at  a  level  of  1506  foot, 
above  which  is  a  second  cascade  at  a  level  of  a  little  more  than  2200  feet.  After  cascad- 
ing down  the  hanging  valley  lip  to  the  fiord  level,  with  a  slope  of  2500  feet  to  the  mile, 
the  glacier  extends  eastward  a  half  mile  further  with  a  much  flatter  grade  and  with  a 
iobate  lateral  eqMUision.  This  glacier  with  its  three  portions,  a  moderately-sloping 
upper  part,  a  oaaeading  middle  section,  and  a  flattened  terminus,  reminds  one  of  tho 
Bhone  GhMaer  in  the  Alps,  except  that  it  termmates  in  the  sea,  -Mm  the  Bhooe  Glacier 
Mida Inn  valley  on  the  land.  As  already  stated,  a  minor  lobe  <rf  the  VaaaarCUacier  tenni- 
natea  2000  feet  above  the  fiord  and  sends  a  stream  down  the  fiord  wall. 

Vassar  Glacier  has  no  lateral  moraine  on  the  south  side,  but  there  is  a  weak  one  on 
the  north,  and  one  medial  moraine,  starting  below  the  lip  of  the  hanging  valley,  but 
not  from  a  lateral  moraine,  as  there  are  no  noteworthy  tributaries.  The  whole  of  the 
bbolo  lower  portion,  however,  is  mantled  with  thick  ablation  moraine,  which  extends 
9  the  aotttham  nungfai  of  the  faanadmg  portion  to  a  he^gfat^  1100  feet,  but  on  the 
nordMni  margin  enda  at  an  olavation  of  about  000  leei.  In  contiaat  witii  liw  oUmt 
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cascading  glaciers,  tha«fore,  Vassar  Glacier  is  the  least  attractive,  beeme  the  wkole 
of  its  lower  surface  is  dark  and  moraine-covered.  On  t>oth  the  north  and  south  fldMb 
streams  emerge  from  the  ice  about  a  half  mile  back  from  the  teminiM  and  flow  OMT 
the  ice  edge,  building  an  alluvial  fan  on  each  side. 

The  tidal  terminuii  of  Vassar  Glacier  is  not  a  perpendicular  white  ciiif  of  clean  ice, 
as  in  the  other  tidal  cascading  glaciers,  but  a  low  sloping  margin,  mantled  with  nsk 
diiwis,  and  nmiiar  to  the  teniiiBiM  of  the  Malaqwiia  Glacier  al  SiHngl  Bfadb.  Aia 
result  of  a  slight  advance  tvhich  waa  in  progieit  in  101(l»  a  part  of  the  nortfaem  portion 
of  the  glacier  wia  aoqniring  a  more  precipitous  cliff  and  wae  sheddii^  the  debris  mantle, 
so  that  the  ice  was  revealed  in  places.  Even  here,  however,  in  contrast  with  the  glisten- 
ing white  cliffs  of  the  adjacent  glaciers,  the  ice  in  sight  was  dirty  and  marked  with  wa\7 
horizontal  lines  of  englacial  material.  Few,  if  any,  icebergs  are  discharged  from  this 
glacier. 

Gilbert  deeoribea  Vam  Glader  m  18M  at  a  caicading  glacier ''parallel  to  liw  8^ 
and  Biyn  Mbswt  and  eadiibiting  a  aiaular  aeriea  ol  eaieidee,  but  of  amaller  aae  and  lev 

direct  in  ita  oouiae.  It  is  cumbered,  especially  in  its  lower  part,  by  rock  d^irie*  and  don 

inspection  was  necessary  to  determine  the  fact  that  it  is  actually  tidal. " 

It  was,  therefore,  not  essentially  different  in  1899  and  1910,  and  photographs  by  Grant 
show  this  to  have  been  the  case  also  in  1905  and  1909.  It  is  not  smaller  tlxan  the  Smith 
Glacier,  though  it  is  smaller  than  Br3m  Mawr.  The  establishment  of  the  facts  of  the 
4ftrii-oov«Nd  hnrar  end  and  the  baiely  tidal  oooditiQii  in  IM  an  of  iaqrartaaee^  lor 
tfaeie  remained  the  aane  until  1910  when  a  diange  ma  coounencing.  At  the  tiao  «f 
our  visit  the  glacier  touched  tide^^  ator  along  the  whole  povtikai  of  the  front  between  the 
flanking  alluvial  fans,  but  with  a  low,  sloping  moraine-veneered  margin  along  the  sootfl* 
em  half,  and  with  a  low,  dirty,  nearly  vertical  cliff  in  the  northern  half  il  l.  CXIX). 

Photographs  .show  that  there  were  barren  zones  on  each  side  of  the  glacier  in  the 
cascading  portion  in  1899.  There  was  sufficient  advance  of  Vassar  Glacier  before  1910 
ao  that  portions  of  the  barren  looee  were  oomed.  That  on  the  north  aide  nearioa 
level  was  not  oompletdy  overridden  by  Jnljr  SI,  1910,  bat  hi^wr  on  the  fiord  vaU  it  was 
almost  covered.  A  great  deal  of  the  barren  lone  on  tiie  sooth  side  waa  still  visibkenxpt 
in  the  bulb  portion  near  sea  level. 

On  the  northern  margin  the  glacier  was  advancing,  but  there  was  no  thrusting  for- 
ward of  the  ice  itself,  the  advance  heint,'  uumifested  chiefly  by  a  slight  folding,  ridging, 
and  crumpling  in  the  moraine-covered  hill  along  the  northern  margin,  whose  barren 
condition  suggests  that  it  romtains  a  buried  ioe  Uodc 

The  southern  edge  of  the  glacier  at  sea  level  was  also  obviousif  advancing^  but  no 
ioe  was  seen  beneath  the  ablation  mondne  cover  and  the  advance  was  manifesting  itsdl 
principally  by  the  commenoenient  of  crevassing  in  the  mocaine-oovered  bulb  and  by 
the  sliding  down  of  this  morainic  material  along  the  glacier  margin,  where  willows  and 
alders  were  being  buried.  Near  sea  level  the  glacier  extended  right  up  to  the  fctest 
which  included  mature  spruces. 

High  above  sea  level,  the  ioe  over  part  of  the  aone  of  bare  rode  that 

had  eadsted  there  since  1899,  but  it  was  not  all  covered.  Ice  blodv  were  aliduig  down 
and  accumulating  in  a  talus  at  one  point,  snggesting  that  the  advanoe  was  still  k 
progress. 

Vassar  Glacter  had  been  stagnant  and  niotionless  long  enou|^  not  only  for  thinniig 
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until  the  debris  carried  by  the  ice  had  accumulated  on  the  surface,  forming  the  ablation 
moraiBe,  but  •Iw  long  enough  lor  the  growth  of  a  hm  dmih*  aad  ci  mum  and  flomn 
apoD  the  mornine  eavered  surface.  This  TiQgetatioo  upon  the  bulb  was  veiy  wpMnCt 
however,  indkating  that  melting  had  gone  on  fast  enoai^  to  intafao  with  pktA  growth. 

If  the  advance  of  Vassar  Glacier  which  began  in  1910  contimiM  long  enough,  enrasses 
will  doubtless  break  up  the  lower  bulb,  so  that  tlie  ablation  moraine  will  disappear  and 
the  lower  end  of  the  glacier  be  transformed  to  a  white  mass  ffifwilftr  to  Biyn  Mawr  Gla* 
der,  instead  oi  the  present  dirt-covered  terminus. 

Wdkdtif  QUteitf,  WeUesley  Glacier  is  a  very  ^mmetrical  single,  cascading  ice  toQgua 
about  I  nufe  wide  (FI.  CXX).  It  deooends  the  lioid  wall  from  nnall  tributarios  In 
cirques  at  devations  of  over  4000  feet,  reaching  the  water^a  edge>  but  not  fnrpanding  in  a 
pieflmont  bulb.  It  descends  from  a  fine  hanging  vaUcQT  (Fl.  CXXV)  at  an  elevalka  of 
between  1 700  and  1800  feet,  the  slope  below  the  lip  exceeding  28°.  There  are  incon- 
spicuous lateral  moraines  and  the  suggestion  oi  a  weak  medial  moraine,  close  to  the 
northern  margin. 

It  is  evident  that  not  long  ago  WeUesley  Gladar  extended  at  least  |  of  a  mile  further 
ttaanow,havhigtbenafom vcty mndililDethaiof VaaaarCSbwi^  Infrtnatinglram 
this  more  adraaoed  position  the  ^UKSer  has  left  a  narrow  barren  lone  along  the  north 

and  south  margins.  The  site  of  the  central  part  of  this  former  bulb  is  occupied  by  a 
moraine-bordered  cove  with  water  21  to  129  feet  in  depth,  into  which  a  spit  extends 
from  the  south  side,  marking  the  site  of  the  former  terminal  moraine.  At  the  head  of 
this  cove  WeUesley  Glacier  ends  with  a  vertical  ice  cliff,  beneath  the  northern  and  south- 
em  margins  of  which  rock  ledges  show. 

Gabert  wpttkB  of  it  in  im  aa  a  caaoMiing  glacier  wfaiefa  "flowa  with  gntb  grada 
tboogh  a  mountain  trovi^  joinmg  tha  fiord  at  xi|^t  anglea  and  then  oaacadea  into  tha 
aea,  into  which  it  plunges  without  notable  modification  of  profile."  Tins  description 
and  the  1899  photograph  of  the  WeUesley  Glacier  show  that  it  was  then  essentially  as 
in  1910,  and  that  there  wa-*;  then  as  now,  a  broad  terminal  and  lateral  barren  zone. 
Although  at  the  time  of  our  visit  there  was  a  very  much  larger  barren  zone  around  tlie 
glacier  terminus  than  around  any  other  ice  tongue  in  CoUege  Fiord,  it  was  then  actively 
advancini^  and  the  nortfaacn  and  aouthammargim  had  partly  covered  banen 

On  the  north  side,  part  of  the  glacier  margin  waa  bordered  by  a  pudi  moraine  from 
5  to  8  feet  high.  The  advancing  edge  was  lobate,  and  parts  of  the  barren  zone  on  the 
mountain  slopes  were  completely  covered.  Both  the  ice  and  the  push  moraine  were 
overwhelming  alders  5  to  6  years  dd,  and  broken  ice  blocks  were  rolling  down  the  edge 
of  the  glacier. 

Hie  eouthem  edge  of  Wdkakgr  Glaeier  waa  alao  bordered  by  a  new  pndi  momhie 
in  whidk  were  torn  wiDow  and  aider  boshes,  some  of  them  15  years  of  age.  The 
edge  of  the  ioe  did  not  extend  acroaa  the  barren  zone,  which  contained  shrubs  8 
years  old,  so  that  no  trees  wm  being  overwhidmed  by  the  advancing  glacier,  although 
annual  plants  of  1910  growth  were  being  overturned  and  buried.  The  south  barren 
zone  has  a  morainic  topography  with  linear  crevasse  d^KMits,  knobs,  and  basins,  the 
latter  occupied  by  pools. 

The  barren  aone  in  front  of  the  glacier  terminus,  including  the  land  portion  of  the 
fonner  bdlb^  haa  evidently  been  covered  by  glacial  ioe  within  ten  or  a  doaen  years,  for 
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tiift  oldest  shrubs  growing  in  this  buien  moe  ton  8  to  10  years  oUL  Outside  this 
morainic  are*  are  nuttore  alder  thidcets  and  seine  spruces. 

Barnard^  Eclyohe,  and  Smaller  Ghmm.  Barnard  and  Hofyeko  Gladen^  amaflsr 
cascading  glaciers  than  most  of  those  toward  the  north,  end  » tlmusind  itel  or  mm 

above  the  fiord.  Gilbert  alludes  to  them  as  "small  glaciers  occupying  alcoves  on  the 
mountain  front  but  ending  far  above  the  water."  South  of  them  are  three  small  cliff 
glaciers,  resting  on  ledges  at  the  base  of  Mi.  Emerson.  There  are  also  small  ice  masses 
between  several  of  the  cascading  gladen  to  the  north. 

Baniaid  Glacier  is  a  dean,  cfevassed  loe  tooigue,  witii  no  medial  or  lateral  motaim. 
It  lieads  in  a  large  cirque  and  oonnects  with  an  irregular  ice  mass  on  a  ahdf  to  the  norllL 
There  is  a  bare  rock  dope  at  the  end  of  the  glacier  has  mall  tarminal  lobes  aal 
terminates  on  the  lip  of  its  hanj^ing  valley.  Two  streams  descend  from  the  terminus. 
Mature  spruce  forest  extending  from  the  fiord  well  up  toward  the  glacier  terminus  indi- 
cates that  Barnard  Glacier  has  not  descended  much  farther  toward  the  fiord  for  a  cen- 
tury or  more;  but  a  barren  zone  betweoi  the  ice  and  forest,  presont  in  1899  as  well  as  in 
1910,  proves  that  it  has  been  retreating  in  leoent  years.  Betirea  1809  and  1010  thfen 
was  an  advance  of  the  south  lobe  down  llie  lip  of  the  hanging  valley,  and  a  sfi^t  advaaee 
of  the  north  lobe,  while  between  the  two  Idbes  an  ioe  block  tains  was  formed.  We  aie 
inclined  to  believe  that  the  advance  was  still  going  on  in  1910. 

Holyoke  Glacier,  which  heads  in  a  large  cirque  and  is  fed  by  two  glaciers  from  a  small 
cirque  on  the  south,  has  tw^o  weak  medial  moraines  extending  from  spurs  between  its 
south  tributaries.  There  are  no  lateral  moraines,  but  there  are  a  few  morainic  patches 
along  the  tenninns.  The  Racier  is  knfer  than  Barnard,  and  extends  out  over  the  lip 
of  its  hanging  valley.  In  1910  Uie  ^adtf  nowhere  extended  to  the  borders  of  its  berres 
zone,  and  the  mature  spruce  forest  between  the  small  terminal  barren  none  and  the 
fiord  demonstrates  that  it  has  not  extended  beyond  this  barren  aone  lOT  ft  oentuiy  or 
more.  No  distinct  .signs  of  recent  advance  were  seen. 

The  cM  glaciers  on  the  ledges  south  of  Holyoke  Glacier  present  no  unusual  features. 
There  is  eveiy  reason  to  beiievn  thai  they  are  adf'Mtaidif,  and  in  one  caae 
lobe  extended  down  from  the  didf. 

Yale  Glacier.  Yale  Glacier  has  a  known  kqglih  of  seven  mUes,  and  is  probably  over 
twice  that  length.  Its  width  varies  from  a  mile  and  a  quarter  to  two  miles.  In  its  lower 
portion  the  glacier  slopes  at  the  rate  of  600  to  700  feet  per  mile,  attaining  an  ele\'ation 
of  '^500  feet  three  miles  and  a  half  from  the  front,  and  ascending  gradually  to  6000  or 
7000  foot  cirques  east  of  Mt.  Glenu.^ 

The  Tale  Glader,  ^ou^  wider  at  the  terminus,  is  probably  not  as  long  as  Uie  Bnnrard. 
It  terminates  in  the  Yale  Aim  of  College  Fiord,  with  an  mrasoaQy  irregular  front,  Ike 
south  side  of  the  glacier  extending  1}  miles  further  down  the  fiord  than  the  north  side. 
This  terminal  cliff  is  between  200  and  SCO  feet  high.  There  are  well-marked  latend 
moraines,  btit  no  medial  moraines  CPl,  CXXIV,  A).  In  the  absence  of  a  number  of 
large  tributaries  which  .sup])ly  quantities  of  ice,  and  lateral  moraines  tliat  become 
medials,  Yale  Glacier  differs  very  decidedly  from  Harvard  Glacier.  The  distant  tribu- 
taries are  rather  small  evaders  easeading  from  extensive  n£v6fidda  on  the  mountain 
dopes.  In  the  lower  part  of  Uw  glacier  there  are  not  many  tribntaiica  on  tlie  noitli- 
ireeternaid^  contrastM^t  with  a  oonwdmJbtenniaberiAidt  descend  on  tho  so 

■  Nusd  ia  IMO  lor  linL  K  F.  GImb  «f  Os  tr.  8.  Amy* 
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side  from  the  snowfields  and  cirques  about  Mt  Castner  ^  and  other  mountains  between 
CbO^  Pioid  and  Uiukwik  Inlet 

i^Hikgirtfl^t  map  €i  Yale  Glaciar  in  1887  shows  it  tenninaling  waaumbiBn  betweai 
GoOflge  Fi^t  and  the  pwssnt  stand;  but  since  he  did  not  approadi  tbe  gkcier  nearcr 
ftsD  1£  ndks»  about  the  same  as  Vanoomrer  did  in  1794»  it  is  impossible  to  draw 
any  concIurioDS  from  these  9ufy  maps  oonoeming  the  bdiavior  of  Yale  Glacier  prior 
to  1898. 

From  the  photognqih  (Fl.  CXXIII)  taken  by  Mendenhail  in  the  latter  part  of  April, 
1868,  it  is  evident  that  Yale  Glacier  was  in  almost  mttidy  same  position  as  at 
picscBt.  TIm  rock  kdgss  were  soqpoesd  beneaUi  the  middle  d  the  ice  Iront  and  the 
esstem  half  codubited  "the  rou^^  pinnaiJ^  {Knit  of  a  stilUMlTaaeing  stieam.  Its 
western  front  is  of  dead-white  ice. " 

On  this  same  occasion  Castner  went  on  snowshoes  some  distance  up  the  margin  of 
the  Yale  Glacier,  whidi  may  perhaps  show  that  it  was  then  less  severely  crevassed  than 
in  1910  when  traveling  upon  its  surface  was  impossible.  But  our  visit  was  at  a  later 
season  when  the  snow  had  disappeared. 

Glenn  gives  a  livid  description  of  Yale  and  Harvard  ^aciers  as  he  saw  them  in  1886 
ten  Coflege  Fioid.  "The  day  was  dry  and  dear.  Directly  in  our  £ront  was  the  most 
"T'^^ff  ng^t  we  had  yet  seen'  -I  mS^t  add  more  imposing  than  any  we  saw  during 
the  season.  Glistening  in  the  sun  were  two  large  glaciers,  which  wc  named  the  'Twin 
Glaciers,' '  the  pair  being  separated  by  a  short  ridge  or  hogback  that  runs  down  to  salt 
water.  In  front  of  the  one  on  our  right  the  sea  ice  extended  for  over  3  miles,  while  in 
Iront  oi  the  other  this  sea  ice  extended  at  least  twice  that  distance.  This  ice  was  covered 
wMi  anow  teveral  feet  in  deptik.  We  soon  diaeofveied  that  it  would  bear  up  the  w^if^t 
«f  a  nan  and  tiial  we  eooU  make  no  headway  afiinst  it  with  the  boat.  Bach  of  these 
giaeiBn  is  what  is  termed  'live'  or  Svorking*  glaciers.  The  ftoni  of  each  was  an  al- 
most peri>endicu]ar  mass  of  ice,  from  which  immense  pieces  were  constantly  breaking 
off  and  f  aUiog  into  the  sea  with  a  great  roaiing  ndse^  due  pnncipaUy  to  the  actioa  of 
the  tides." 

The  map  of  Yale  Glacier  by  Gaunctl,  the  description  by  Gilbert,  and  the  photographs 
by  oliier  members  of  the  Haniman  Expedition  in  1888  show  ekaily  that  in  all  major 
leatoree  of  position  Yale  Glacier  had  at  that  time  assumed  the  general  conditions  which 
prevailed  in  1910.  The  rock  ledges  beneath  the  center  of  the  ^ader  are  seen  in  tiie 

photographs,  and  Gilbert  indicates  that  there  were  barren  sones  at  the  margins.  He 
oplains  the  dirty  ice  near  the  northwestern  side  of  the  glacier  as  follows:  "A  blackening, 
west  of  the  middle,  by  glacial  drift  suggests  that  a  rock  knob  may  lie  near  the  surface^ 
ready  to  develop  into  a  nunatak  or  island  if  the  glacier  shall  diminish. " 

Tht  photographs  and  descripticms  Grant  in  1905  and  1909,  and  the  map  by  Higgins 
in  the  latter  year  diow  that  Yale  Glacier  maintained  essentially  the  same  conditions 
doriqg  the  decade  following  1890.  The  narrowness  of  the  barren  sones  in  1909  leads 
G^rant  to  conclude  that  the  eastern  margin  was  sli|0it|y  farther  advanced  in  that  year 
than  in  1898  and  1899. 

In  1910  Yale  Glacier  was  advancing  strongly.  By  July  15,  the  southeastern  edge  had 
advanced  750  feet  beyond  its  position  in  1899,  as  was  shown  by  comparing  conditions 

I  Thia  peak  and  the  adjacent  glader  were  auMd  ia  1910  lor  lieat.  J.  C.  CsstBor  ot  Uw  U.  S.  Aaqr. 
s  Now  called  Yale  and  Harvard  Gladets. 
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■MnfromFlioloSU.P.,withaidiotograph(n.  CXXI)byCiu^  Tlie«iUNiiii<]|ii> 
vanoe  was  moeunHtfy  detenuiiwd  by  Mr,  Lewis,  ow  topocHHpliBr.  That  tiw  grater 
part,  if  not  all,  ol  thk  advance  took  place  after  July  1,  1909,  is  demonstrated  by  photo- 
graphs by  Grant  from  Station  I  (Pi.  CXXII).   The  central  portions  of  tlie  ^scier 

also  advanced  somewhat,  covering  part  of  the  Icdpes.  The  soutlieastern  ice  cliff  was 
highest  in  1910,  the  fresh-looking  cliffs  west  of  the  rock  ledges  next  highest,  and  the 
northwestern  margin  lowest  of  all. 

The  advanoe  had  oomed  most  ol  the  bencn  acne  along  the  southeastern  maipi, 
thoo^  some  still  remained  in  phoes.  Near  the  terminus  the  entire  marginal  bsma 
sone  was  covered  by  ice,  and  bushes  were  being  overridden,  but  in  front  ol  the  ^^adv 
fhat  were  rock  slopes  bare  of  vegetation.  Bordering  part  ef  the  gUder  margin  was  • 
push  moraine  of  till,  bowlders  and  wood,  and  there  were  also  some  peat  rolls.  The  pres- 
ence of  recently  overturned  bushes  lying  on  the  winter's  snow,  proves  that  the  advance 
was  in  progress  during  the  spring  of  1910. 

The  northwestern  margin  ci  Yale  Glacier  was  also  advancing  rapidly.  At  Uie  watH^'s 
edge  the  glacier  terminated  on  bcadi  and  aUimal  fen  gravels  in  part  undisluibed;  bit 
nbove  tide  levd  there  was  a  gravd  push  moraine  itM»lm«i»g  some  tree  tnmks.  Faitiier 
back  along  this  margin  practically  all  the  former  barren  zone  had  been  overridden,  and 
the  glacier  was  destroying  thickets  of  alder  and  willow  bushes  from  10  to  33  years  old. 
The  relationship  to  snow  banks  proves  that  part  of  this  advance  had  taken  place  during 
the  preceding  autumn  or  early  winter;  but  on  July  16,  1910,  the  advance  was  still  in 
progress,  overwhelming  a  dense  growth  of  alders  and  willows,  and  at  a  few  points  rolling 
up  small  arches  of  peat. 

Castner  Glacier,  the  southanmost  tribntaiy  of  Yale  Glacier,  witfi  its  pronouaosd 
medial  moraine  and  broad  lateral  moraine,  showed  no  particular  change  from  1899  to 
1910.  Iliggins'  map  has  this  glacier  disconnected  from  the  Yale  in  1009,  but  Grant's 
photographs  of  that  year  show  this  to  be  an  error.  This  lack  of  change  indicates  that 
the  advance  of  Yale  Glacier  was  not  caused  by  this  tril)ularv.  Tlie  ftHvlers  farther  back 
on  the  east  side  may  have  participated  in  it,  for  they  rise  in  snowiieids  which  also  feed 
f]ie  active  nortfaetn  am  of  Heaies  Glacier  in  Unakwik  Inlet 

AmhtrHandA^iaemtOlaeUn.  This  group  of  glacierB,  on  the  sontiieast  side  of  GoDcgs 
Fiord  has  not  been  studied  in  detail  by  any  oi  the  expeditions  that  have  visited  the 
r^on,  nor  seen  from  nearer  than  the  eastern  edge  of  the  fiord.  Amherst  Glacier  is  the 
largest  of  the  group  and  both  it  and  Crescent  Glacier  were  shown  on  a  map  by  Applegate 
in  1887  and  by  (lannelt  in  1809.  Williams,  Dartmouth  and  a  small  glacier  to  the  north 
were  indicated  on  the  Grant  and  Higgins  map  of  1909,  as  were  the  Tommy  and  Cap 
Glaeiefi  south  of  Greseent  CMader. 

Amherst  Glacier  is  about  4|  miles  long  and  a  mife  wide  and  deseends  from  lai^ 
near  Unakwik  Peak.  Crescent  Glacier  is  of  about  the  same  length  but  is  only  about  a 
quarter  of  a  mile  wide.  Dartmouth  and  Williams  Glaciers  are  also  small.  According  to 
Applegate's  map,  which  was  made  from  so  near  that  it  is  probably  correct,  Amherst  and 
Crescent  Glaciers  ended  a  little  nearer  the  iiord  in  1887  than  at  present  and  were  united. 

Gilbert  states  that  in  1899  "Amherst  Glacier  was  passed  by  the  ship  at  some  distance, 
and  its  features  are  known  chiefly  throu^  the  photographs  secured  by  Mmiam.  it 
is  fed  by  uMb  in  full  view  from  the  fiord,  and  approadwsthesoa  m  a  snort,  oiond  stiea^ 

1  HarrimaD  Aluka  Expedition.  Vd.  III.  1901,  Fig.  4S.  p.  SS. 
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irikidi  at  fint  dweendi  steeply  and  afterwatdi  mom  gently.  Hie  habit  of  tlie  lowlaiid 
^fiac  bctweeu  <h«  n^acier  and  tlia  ocean  indicates  tliat  it  ia  built  of  moiaime  natariaL 
Near  tibaaea  is  a  hcit  of  timber,  but  this  is  separated  f ram  the  ice  by  a  barren  tract  simi- 
lar to  that  about  Davidson  Glacier.  A  barren  zone  several  hundred  yards  broad  is  seen 
to  flank  the  glacier  on  the  southwest,  and  a  similar  zone  borders  its  companion  Crescent 
Glacier.  These  features  doubtless  indicate  shrinking  in  modern  times,  tlie  change  having 
been  of  moderate  amount*  although  greater  than  in  the  case  of  LaFerouse  and  Columbia 
GSmtm,  The  Cieseeat  is  oQiBpaiativcfy  nanow,  and  ^iproadies  tbe  sea  in 
grade.  A  curve  in  its  tron^  conceals  its  upper  oouvse." 

When  we  saw  it  in  1010  (Fl.  CXXIV,  B)  Amherst  Glacier  was  little  crevassed  and 
had  a  broad  belt  of  ablation  moraine  upon  the  terminus,  no  changes  being  detected  bj 
comparison  witli  Merriam's  1809  photograph.  The  Cres<'ent  (Ilacier  also  seemed  un- 
changed, and  from  a  distance  no  signs  of  unusual  activity  were  seen  in  WillianTs,  Dart- 
mouth, and  Tommy  Glaciers.  Cap  Glacier  is  typical  of  many  n€\€  fields  upon  mountain 
Aopest  being  thin,  severely  crevassed,  and  intermediate  in  character  between  the  snow- 
fieU  Mid  the  rtlky  glacier,  though  moat  resembling  the  f onner. 

fltsoal  BrotUm—FMhirtt  abete  Sea  LtttL  Glacial  erosion  has  had  a  profound  in- 
fluence in  producing  the  present  straight,  steep-waUed  depression  of  GoU^e  Fiord. 
E\ndence  of  glacial  erosion  in  the  form  of  striae  on  rot^k  ledges,  in  roches  moutonn^es 
forms,  in  the  absence  of  spurs  on  the  valley  walls,  and  in  the  oversteepencd  lower  por- 
tion of  the  fiord  walls  is  everywhere  apparent.  There  are  also  cirques  of  various  sizes, 
a  large  number  of  them  containing  small  glaciers,  as  between  Vassar  and  Biyn  Mawr 
Ghwien^  behreen  BaUuaoie  and  Sadcliffb  Glacien,  etc. 

There  are  many  differences  in  the  degree  of  glacial  erosion,  jud^ng  from  the  vallej- 
wall  features.  For  example,  the  south  side  of  Cresent  Glacier  valley  shows  an  undercut 
cliff,  evidently  due  to  long-continued  glacial  erosion  on  the  outer  side  of  a  curve,  as  in  a 
river.  The  eastern  wall  of  College  Fiord,  especially  between  College  Point  and  Downer 
Glacier,  and  just  north  of  Coghill  River,  is  remarkable  for  irregularities  above  sea  level 
in  contrast  with  the  smoother  western  side.  The  eastern  side  has  many  uneroded  spurs, 
imigiilar  hummodn  and  reeli;  the  western  is  remarkable  for  its  smoothness  and  abqilic- 
ilgr  of  contouf,  for  its  many  rodiea  moutonntes  with  striae  and  facial  grooves  paialM 
to  the  trend  of  the  fiord,  and  for  the  bare,  smoothed*  nearly  horizontal  rock  ledges  high 
upon  the  fiord  wall.  North  of  College  Point  the  expanded  Harvard  Glacier  seems  to 
have  hu^^ed  the  western  shore  and  to  have  eroded  here  more  efficiently,  despite  the  pres- 
ence of  many  tributaries  from  the  west  whose  thrust  would  tend  to  push  the  glacier  over 
toward  the  eastern  side.  But  it  is  veiy  probable  that  the  expanded  Yale  Glacier  swept 
oyer  CoB^  Point  and  by  its  great  volnmeoyercame  the  infl^^ 

Than  are  many  hanghig  valleys  above  sea  level  (h,  Fl.  CXXVI)  and  as  Gilbert  has 
already  noted,  the  cascading  glaciers  on  the  western  side  of  the  fiord  descend  out  of  hang- 
ing valleys.  There  are  also  hanging  vall^s  out  of  which  the  glaciers  do  not  now  caa> 
cade.  The  ascending  altitudes  of  these  hanging  valleys,  whose  levels  as  measured  in 
1910  agree  except  in  minor  particulars  with  Gilbert's  computations  in  1899,  and  the 
fact  that  there  are  two  steps,  as  noted  by  Gannett,  have  been  explained  by  Gilbert,*  as 
lollowi,  the  rdstionships  being  shown  in  Fig.  41. 
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**My  attention  has  bem  diwcted  by  Gunett  to  tibc  htt  that  wewtnl  at  the  CMpatfing  | 

glaciers  make  two  leaps,  and  that  there  is  a  certain  amount  of  harmopy  in  the  spacing 
of  tlie  falls.   WTien  the  region  shall  have  been  thoroughly  studied  it  is  possible  that  the  | 
interpretation  of  these  conespondences  may  develop  a  apecial  chapter  in  the  histoiy  o£ 
the  ice  retreat.  j 
"With  the  aid  of  a  series  of  photographs  made  by  MflRiam,  I  have  computed  the  ap-  i 
pnadmate  heights  of  tbe  mom  important  caicade^  as  foUonrs:  WeOeiky,  1700  fool;  I 
Vassar,  mm  Biyn  Hawr  (tmnk),  1800,  Quit  hnadi)  S700,  (light  bnaofa)  tMO; 
Smith,  1280, 1900  and  2600;  Radcliffe,  1800  and  S500.  When  these  are  platted  to  scale 
in  their  proper  yertical  and  honaontal  relations  they  fall  into  two  scries,  descending 


iwe    Ma  AM  Jim 

As.  iL  Hurane  VAuais  Ascums  Noeimnas  nr  Qui—  Inee  awb  G.  K.  fliiesei. 

soathwaid  from  the  head  of  the  fiord.  Meting  some  allowance  for  the  greater  volume 
ctf  the  side  ^aden  whm  the  trunk  i^bder  filled  the  fiocd,  I  have  indicated  the  ^oOe 
ofthetrankglecisrfayadottedlme(AB).  Theindmatiooof thisluMftomthehoiiaootal 

is  about  2*,  or  one  in  twenty-five.  Its  height  above  tide  ranges  from  2800  to  4800  feet, 
and  it  indicates  a  thickness  of  ice  exceeding  these  figures  by  the  depth  of  the  fiord,  what- 
ever that  may  be.  In  the  line  of  Gannett's  suggestion,  a  second  tentative  profile  (CD) 
ia  drawn  in  similar  relation  to  the  crests  of  the  lower  series  of  cascades. 

*The  depth  of  ice  indicated  by  the  hanging  vall^s  is  somewhat  less  than  that  which 
woold  be  infeited  from  the  mmding  of  projeetione,  and  it  seems  ptobefale  thni  the 
epoch  dniing  whidi  tiie  vnUsys  reeeiVed  their  prinei^  senlptare  was  not  ttie 

epoch  of  marimnm  glariation." 

SvbmariM  Topographif,  The  sonndBngs  mede  in  College  Pioid  in  the  summer  d 


1910  enable  us  to  carr>'  the  discussion  of  facial  erosion  farther  than  was  previously 
possible  (PI.  CXXVJ).  The  depth  of  water  near  the  fronts  of  Harvard  and  Yale 
Glaciers,  636  and  28!2  feet  respectively,  proves  that  neither  of  those  glaciers  is  afloat, 
and  that  they  must  now  be  eroding  on  the  fiord  bottom.  The  line  of  rock  ledges 
visible  under  the  edge  of  Yale  Glacier  shows  that  in  the  past  erosion  has  been  less 
active  in  mid-^ord  than  on  either  side. 

The  water  along  the  axis  at  College  Fioid  vaiies  in  depdi  from  174  to  004  feet,  and 
the  cross-sections  of  the  fiord  show  that  it  has  the  typical  U-shape  (Fig.  48)  below 
tea  leveL  The  longitudinal  slope  away  from  Harvard  Glacier  is  interrupted  near  the 
tenninos  of  the  Smith  Glacier  where  the  dq>th  decreases  to  806  feet,  by  another  swell 
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(174  feet)  norUlwwt  of  Cofl^ 

River,  and  by  a  gradual  shallow- 
ing of  the  water  from  that  point 
to  Port  Wella. 

daaoMmmB  of  tliA  IMO  soand- 

ings,  we  are  in  doubt  where  to 
infer  submerged  moraines  and 
where  uneroded  reefs,  devel- 
oped in  connection  \^'ith  the 
basining  of  the  fiord  bottom  by 
glm*itiiirfttlnii  TliftlMMiiiwfaoift 
deapcstpoint  (804  feet)  if  oppo- 
ate  Wellesley  Glacier  seems  to 
us  probably  to  be  a  rock  basin 
oi  glacial  erosion.  Its  bottom 
lies  630  feet  lower  than  the 
swell  at  its  lower  end,  and  i62 
iB«t  lower  l&MitbeiiPeD  alite 
Bppet  e&d<  An  ^ipueolljr 
adeqoate  explanation  of  ex- 
cesave  erosion  here  would  be 
the  more  rapid  motion  of  the 
ice  when  the  expanded  Harvard 
Glacier  received  Yale  and  the 
CHMndbig  giivcMwi  as  tiAiiito* 
ncB.  If  cnoveTt  in  this  uppei 
psurt  ol  the  fiord  there  may  Imvt 
been  repeated  ice  advances, 
with  consequent  periods  of  gla- 
cial erosion,  while  the  lower  j>art 
of  the  fiord  was  not  scoured  so 
frvqnentlf,  if  indeed  it  ma  oe- 
enpled  hy  an  advaneing  glackr 
more  thn  ODoe. 

An  alternate  explanation  of 
the  relative  shallowness  in  the 
part  of  the  fiord  south  of  Cog- 
hill  River  (Kg.  43)  would  be 
tiial  il  mm  originally  move 
deeply  sRMledt  but  has  been 
filled  by  glacial  deposits,  in- 
cluding not  only  deposits  from 
the  retreating  glaciers  of  upper 
College  Fiord,  but  also  by 
stream- borne  depo^it^  from  the 
AialiMity  Gnscenl^  Wifllams 


Ite.  48.  Bamumm  GomoinMi  or  Comw  Fiobo. 
OafliM  <(  eosil  sad  glsdn  altar  GiMit  mmI  Bigj^aa 
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and  Dartmouth  Glaciers,  the  streams  from  which  are  still  canying  debris  into  the 
fiord.  The  eastern  part  of  the  fiord  near  these  glaciers,  however,  is  ver\-  shallow  and 
the  abundant  reefs  rising  to  the  surf  ace  here  are  in  some  eases  rock  ledges,  proving  that 
there  has  not  been  such  profound  erosion  as  along  the  western  side  and  also  that  there 
liave  not  been  cxteneive  gbdal  dqfWiits  above  Hie  emfeoe.  The  greater  glacial  aeoni^ 
ing  WHS  appazentljr  on  1h»  westem  tide  of  fhe  portion  of  CSoUege  Fiofd  when  tbe  nuun 
current  of  the  expanded  trunk  l^acier  was  probably  pushed  by  the  eastern  tributafiei. 
Deposits  might  also  have  been  made  here  by  the  Amherst  and  other  tributaries  before 
iLey  retreated  across  to  tlie  shallow  eastern  portion  of  the  fiord.  A  perfectly  rational 
bypotiiesis  to  account  for  all  the  irn  gularities  in  the  bottom  of  College  P'iord  would  be  to 
attribute  them  to  glacial  erosion  witliouL  significant  deposition.  AH  of  the  existing  basins 
andeweOs  mightbeexplainedby  a  rhythmic  altmialion  of  plunging  and  lU^ 
tiieinoomingof  tributaiyiceetreams.  TheraisabaainbeloirHarvaidGladertenBinna 
and  a  swell  not  far  above  College  Point  near  Smith  Glacier.  There  is  a  basin  south  of 
College  Point  where  the  expanded  Yale  Glacier  entered,  below  which  is  the  swell  west 
of  C'oghill  River.  Below  this  the  water  deepens  nearly  to  Point  Pakenham,  peAMf^ 
under  the  influence  of  the  incoming  Dartmouth,  Amlierst,  and  adjacent  glaciers. 

The  places  of  relatively  shoal  water  at  the  souUieru  end  of  College  Fiord,  discussed 
in  Hie  next  chapter*  aeon  to  be  dearly  of  the  moraine  bar  type,  though  wo  hmvm  no 
clear  proof  that  thcgr  are  not  built  upon  a  brood  rock  sirdl,  just  above  the  entrance  of 
the  former  incoming  Bany  Arm  Glader. 

Besides  the  visible  hanging  valleys  above  tide  water  (PI.  CXXV)  there  are  several 
submerged  hanging  valleys  (PI,  CXXVI).  The  cove  in  which  Wellesley  Glacier  now 
ends,  and  which  has  a  maxiinuin  depth  of  about  48  feet,  hangs  7.>(>  feet  above  the 
bottom  of  the  main  fiord.  The  arm  of  the  fiord  terminated  by  Yale  (i lacier  hangs  498 
feet  above  the  main  fiord  (Fig.  42).  Ibis  mbmerged  hanging  valley  shorn  dearly  that 
Harvard  Glader  has  always  been  the  diief  tributary  of  the  College  flmd  ioe  tongne, 
eroding  more  efficiently  than  the  Tale  Glader  at  the  time  when  the  latter  was  a  trib- 
utary of  the  former.  The  cove  at  the  mouth  of  Coghill  River  probably  has  a  similar 
hanging  relationship;  and  College  Fiord  hangs  above  Port  Wdlfl»  but  how  much  ia 
unknown  because  of  the  complication  of  glacial  deposits. 

Glacial  Depotiis.  Deposits  of  glacial  origin  are  not  common  in  the  CoU^e  Fiord 
vqgion.  Thcgr  indude  (1)  ground  monune,  (2)  tcnnmal  moraines,  (8)  lateral  moeninea 
and  terraoee,  (4)  oatwaah  gravda,  and  (ft)  depoaita  beioir  aea  kvcL 

The  ground  moraine  is  everywhere  thin  and  eseept  for  scattered  erratic  bowlders  is 
entirdy  absent  on  steep  slopes,  but  on  the  more  gently  sloping  portions  of  the  fiord 
walls,  the  deposit  is  thicker.  The  low  flat  strip  of  land  on  the  .southern  side  of  Yale 
Arm  has  a  thin  veneer  of  glacial  deposits,  there  being  well  devdoped  morainic  topog* 
raphy  with  ridges  and  hollows,  the  latter  containing  pools. 

Since  tiie  larger  gladcra  end  in  the  irater,  terminal  morainea  are  few  in  num^  Men> 
tion  has  already  been  made  of  the  long,  narrow,  piedmont  atrq»  on  the  weatetn  aide  of 
College  Fiord*  built  up,  in  part  at  least,  by  deposit^s  from  the  several  cascading  gladen^ 
such  as  the  crescentic  terminal  moraines  south  of  Brj'n  Mawr  and  Wellesley  Gladers. 
Possibly  this  area  also  includes  some  de{)osits  of  the  earlier,  expanded  Harvard  Glacier. 
Mendenliall  states  ^  that  in  the  valley  of  Coghill  River  tliere  are  "several  small  lakes 

«Mfn«knh>ll.  W.  C,  SOth  Ann.  BitpL,  U.  S.  GeoL  Sonroy,  But  VII,  IMO.  p.  87S. 


Digitized  by  Google 


GIACIERS  OF  UNAEWIK  INLET  AND  COLLEGE  FIOBD  SIS 

fiflmg  dqkMflncni  back  of  mminal  duna.**  The  laigw  of  Ihmt,  Lake  CogMU,  may 
be  ImU  in  by  noearional  tenmnd  moraw 

Of  the  lateral  moraines  the  one  on  the  western  side  of  College  Point,  between  Har- 
vard and  Yale  arms,  is  typical  (PI.  CXXVI),  consisting  of  till  and  stratified  gravels, 
evidently  built  between  the  glacier  and  the  mountain  side.  It  has  several  terrace 
levels  forming  a  morainic  prow  on  both  sides  of  College  Point.  In  some  places  the 
terrace  is  surmounted  by  push  moraines,  in  other  places  with  ridges  which  may  either 
be  eonatnaelional  or  doe  to  rtrcam  dtaanding.  Moat  of  tbeae  lidgea  an  unqiNBtioii- 
able  poah  moramea,  ahofwing  that  the  ioe  maxgin  oac^n>fa^^^  at  this  edge.  Tbe  lowest 
toraoe  dopes  southwestwaid  fram  tbe  900  foot  contour  above  the  end  of  Yale  Glader 
to  an  elevation  of  575  feet  near  the  end  of  College  Point.  Gravel  remnants  suggest- 
ilg  a  corresponding  moraine  on  the  eastern  side  of  Yale  Arm  descend  from  an  elevation 
of  1017  feet  near  the  glacier  to  ^00  feet  about  three  miles  to  the  southwest.  These 
gravel  remnants  are  covered  by  distinctive  vegetation. 

Above  timlMr  Bne,  but  in  tbe  lono  of  alder  growtb,  on  Ibe  slopes  of  Mt  BmeiaoD^ 
aoBlli  of  HolyolBa  daoier  certain  abdvea  or  bcBdwa  (F|g;4S)  soggeat  moraine 
trnneoa*  In  places  there  are  three  levels,  with  aUnvial  fans  and  oiowbanks  above. 
Between  Barnard  and  Holyoke  glaciers  there  is  one  shelf,  not  seen  north  of  Barnard 
Glacier.  Near  Holyoke  Glacier  it  is  about  1500  feet  above  sea  level.  Below  Mt. 
Emerson  it  slopes  southward  down  to  approximately  1200  feet,  dying  out  <^posite 
Cpghill  River,  and  a  bench  above  this  uuc  extends  a  little  farther  south. 

Ibm  outwash  gravels  near  Amherst,  Crescent,  Williams,  and  Dartmouth  Glaciem 
ibrm  the  ktyat  awn  of  ^  kind  of  depoaitm  Collage  FSowt 

Below  sea  level  there  are  no  definitely  proved  anbnmgad  moraines  except  the  two 
moraine  btia  St  the  entrance  to  Port  Wells,  described  in  the  next  chapter.  The  S4£ 
loot  ridge  or  swell  between  Smith  and  Brj'n  Mawr  Glaciers,  rising  400  feet  above  the 
fiord  bottom  to  the  north,  may  be  a  submerged  moraine.  The  174  foot  swell  ju.st  west 
<rf  lower  Coghill  River  may  possibly  be  a  submerged  moraine.  As  already  indicated 
the  dudkm  southern  part  of  College  Fiord  seems  more  likely  to  be  due  to  lack  of  ez» 
CKfntioB  tban  to  gladal  deposition  udar  wnter.  A  minor,  projecting  point  on  the 
WMleiu  ade  of  the  fiord*  near  tbe  t6i  foot  aoonding,  in  tbia  soatbem  portioa»  anggetta 
n  aobnied  momine  bar,  but  tbe  aomidingi  are  not  detailed  eooogb  to  datonnine 
this. 

Vcgeiaiion  in  College  Fiord.    The  vegetation  in  College  Fiord  furnishes  important 
evidence  concerning  the  episodes  of  former  glaciation.    Gilbert  pointed  out  in  1899 
some  ol  the  relationships  of  trees  near  the  Yale,  the  Harvard,  and  the  cascading  gla- 
«iei%  and  stated  that  "a  little  farther  sooth  the  coast  is  foreatod.  and  the  trees  dimb 
op  »  few  Inmdred  feet  on  the  moraine  heaps  under  the  hanging  glaciers.  They  are 
aapnmted  from  the  ice,  first  by  a  broad  bdt  of  alders,  and  then  by  a  barren  lone.  Aa 
the  spruce  forest  in  College  Fiord  nowhere  stands  close  to  the  ice,  but  is  separated 
by  a  barren  zone,  it  seems  fair  to  assume  that  the  iee  has  occupied  this  zone  so  re- 
cently that  the  perio<l  since  its  .shrinkage  has  not  sufficed  for  reforesting;  but  no 
facts  are  recorded  tending  to  show  the  nature  of  the  changes  immediately  preceding 
car  Tieit."  Aa  we  hnve  abrndy  shown,  by  Juty,  1010,  most  of  tbe  bamn  •ones  bad 
been  overridden. 

We  obaerved  the  loOowmg  additional  relationdiips  of  vegeUtion  to  the  fiord  walle 
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and  the  gladen.  In  outer  Cdlege  Fkfd  near  Port  Wdk  «ad  on  tlie  flats  near  Amhffiit 

Racier,  there  is  thick,  mature  spmoe  and  hemlock  forest.  On  the  eastern  side  the 
Inest  extends  northward  nearly  to  Yale  Glacier,  ending  at  sea  levd  in  the  cove  thiw 
miles  southwest  of  the  glacier.  From  this  point  northward  there  is  no  forest  at  sea 
level,  though  scattered  thickets  of  willow  and  alder  have  reached  considerable  size. 
On  the  eastern  mountain  side,  however,  mature  spruce  extends  nearly  up  to  the  first 
tribnteqr  d  Yafe  GlMsiar.  It  is  fimltad  above  by  a  near^-inoriawba  timbwftMy 
its  lower  edfe  is  a  latfaer  legular,  skpang  bonndaiy*  1017  feet  above  sea  kvd  nesr 
tiie  glacier  and  000  Iset  in  the  cove  to  the  southwest,  practicaUly  cninridrng  witb  da* 
posits  thought  to  represent  a  faint,  disconnected  lateral  moraine. 

The  western  side  of  Yale  Arm  has  a  similar  distribution  of  mature,  thickset  timhrr. 
whose  growth  must  have  taken  a  century  or  more.  At  the  end  of  College  Point  there  are 
scattered  individuals  of  mature  spruce  at  sea  level,  while  the  thick,  mature  forest  begins 
at  an  devrntion  of  about  570  feet,  rising  northeastward*  with  ih»  lateral  monine  ahmdf 
described,  to  000  feet  near  the  western  edge  of  Yale  Glader.  Aborve  this  Kne  tke  forest 
CKtands  up  the  mountain  slope  to  the  tlmberline;  but  below  it  are  only  scattered  young 
conifers  and  dense  thickets  of  alder  and  willow  up  to  and  beyond  the  end  of  the  glacia. 
In  these  lower  levels  there  is  no  thick  mature  evergreen  forest  such  as  extends  up  to 
the  very  edges  of  Columbia  and  Meares  Glaciers.  Some  of  tlie  alders  close  to  the  front 
of  Yale  Glacier  are  33  years  old  and  the  oldest  willow  seen  had  ten  annual  rings.  From 
fSbk  atatoiMut  it  is  ovidnt  Hiat  Hit  foiwt  coaditioai  la  Yafe  Ann  of  Cdfefo  IM 
tan  vnnsiial,  for  tboe  is  a  wedge  of  tbi^  matnie^  oonifeMiis  forert  on  oadi  sid>^  «- 
tmding  upward  to  a  normal  but  somewhat  irregular  timberline,  and  limited  beloir  Igr 
a  regular  line,  highest  near  the  glacier  and  slewing  gradually  southwestward  to  sea 
level.  The  questions  naturally  arise:  Is  the  absence  of  forest  in  the  lower  part  of  this 
area  to  be  explained  by  unsuitability  of  (a)  the  slopes,  or  (b)  the  soil?  Or  is  it  due  to 
a  difference  in  the  length  of  time  during  which  this  area  has  been  available  for  tree 
growth?  Hie  last  seems  to  be 'the  case,  for  in  the  soatheni  part  of  College  Fiord  ttaie 
is  thick,  mature  forest  on  all  sorts  of  slopes  and  soils.  The  cause  which  nntO  reesatly 
his  hspt  the  forest  from  growing  in  this  lower  bdt  was  cfearly  the  Yale  Gfecier,  for  an 
advance  to  or  near  the  mouth  of  Yale  Arm  would  cover  the  fiord  walls  up  to  aboot 
the  present  lower  limit  of  the  forest.  The  imforested  area  is,  therefore,  interpreted  as  a 
former  barren  zone,  already  thickly  covered  with  alders  and  willows,  some  of  which  are 
33  or  more  years  old,  while  scattered  yoimg  conifers  have  taken  root  where  slope,  soil, 
and  adjacent  saeding  ground  are  moot  favorable. 

This  inteipretation  is  based  upon  our  belief  that  the  upper  belt  of  thidk,  matne 
forest  is  a  remnant  of  a  forest  wbidi  formeijy  clothed  the  entire  hnrer  portion  of  tto 
fiord  wall,  and  not  a  forest  that  grew  where  it  is  while  the  glacier  occupied  the  area 
below  it.  Such  remnant  forests  exist  to  the  west  in  Harriman  Fiord,  and  we  are  in- 
clined to  interj)ret  this  one  as  of  the  same  character,  in  spite  of  the  fact  that  in  this 
case  we  saw  no  push  moraines  with  dead  tree  trunks  at  the  lower  and  outer  edges  of 
tiie  forest  The  vegetation  in  Yafe  Arm«  Hmelore^  is  inieipreled  as  showing  that  tbi 
glacier  eactended  out  neatly  to  the  end  of  Golfege  Point  not  km  than  SS  years  ago;  and. 
furthermore,  that  for  a  century  or  more  it  haa  not  eactended  farUier  than  that*  nor 
higher  than  000  to  1017  feet  above  the  present  terminns. 

*  Not  hariseold,ss  Gnat  tkmi^  Ojp.  dt,  p.  SM. 
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On  the  wwlem  ade  of  lower  College  fiord  there  is  ooatumous  thick,  mature,  conif- 
«niii  lomt  at  ae*  krcl  m  ftr  notth  m  Banuuid  GiMiar;  but  biunoiid  that  then  tie 
otiy  aeafttand  groves,  intemq)ted  by  the  benen  sones  ol  tiie  rurading  ^eciers.  The 

spruces  surroqnding  tiia  barren  bulb  ol  Vassar  Glacier  grow  only  near  sea  level,  not 
extending  up  the  steepened  fiord  walls  as  they  do  between  Barnard  and  Wellcsley  Gla- 
ciers. One  of  the  spruces  at  sea  level,  near  the  north  side  of  Vassar  Glacier,  was  16 
inches  in  diameter  five  feet  above  the  ground  and  must  have  grown  a  centurj'  old  or 
jnore.  Between  Vassar  and  Bryn  Mawr  Glaciers  there  are  only  a  few  spruces  at  sea 
Jevd;  but  at  about  the  hanging  vaUey  level  there  axe  two  large  groves.  Detweaa  Biyn 
Mttwr  tad  SmiUi  fihwiurt  tben  an  acattewd  atataie  apfneea  aft  the  >tfr>C  ▼allaif 
levd  near  the  former,  at  about  the  1000-foot  level  near  the  latter,  and  at  sea  leval  OB 
the  south  side  of  Smith  Glacier.  Between  Smith  and  Harvard  Glaciers  there  are  scat- 
tered spruces  nearly  down  to  sea  level,  extending  much  closer  to  Harvard  Glacier  than 
Gilbert  thought;  and  one  which  had  just  been  pushed  over  by  tlie  advancing  glacier 
in  1910  was  over  a  foot  in  diameter  and  therefore  probably  nearly  or  quite  a  centuiy 
old. 

North  ol  CoOcffB  Poiat,  on  the  eaatam  wfo  ol  College  Floid,  tim  is  thidc  mature 

forest  at  sea  level,  as  far  as  Photo  Stalioii  K  (Fig.  4S).  Nordi  ol  this,  to  a  point  opito- 

site  Smith  Glacier,  there  are  large  groves,  also  at  sea  level,  interspersed  with  open  spaces; 
Mul  a  few  scattered  spruces  grow  up  to  the  very  edge  of  Harvard  Glacier.  Through- 
out Harvard  Arm  and  lower  College  Fiord,  the  open  spaces  are  covered  by  dense  Uiickets 
ol  good-sized  alders  and  willows  and,  except  in  the  narrow  barren  zones  of  the  cascading 
gladen,  thoM  fa  no  coiuidandbk  ana  ividi  aa  ^ana  gnnrtb  M 
Tala  Ann. 

Harvard  Arm  has  mudi  UflBO  toteat  than  Tale  Aim.  and  the  eastern  side  is 
more  thickly  forested  than  the  western  where  the  cascading  glaciers  have  iMoken  it 

up.  The  conditions  in  Harvard  Arm  show  clearly  that  Harvard  Glacier  has  not  re- 
cently extended  southward  beyond  Pt.  K.,  where  the  thick  forest  ends,  and  that  for 
at  least  a  centuiy  no  advance  has  gone  as  far  as  the  one  whidi  was  in  progress  in  1910, 
eantnating,  tbctclofe^  with  the  leoent  behavior  ol  Yale  dacter. 

RiABOir  FOR  Advances  op  Glacibbs 

It  18  not  perfectly  clear  why  the  glaciers  of  Unakwik  Inlet  and  College  Fiord  are 
oacOlating,  some  advandiig  and  some  retreating.  The  fundamental  cause  ia,  ol  course, 
involvwl  with  snow  mt^fpty  and  with  rate  ol  melting  as  determined  by  tempevatnre. 
CHnouitie  records  are  ao  moonaplete  that  we  cannot  settle  this  qoeatioa  and  it  fa  quite 

possible  that,  as  in  Yakutat  Bay,  the  snow  supply  of  any  glacier,  or  group  of  ice  tongnea, 
might  have  been  increased  by  avalanching  during  earthquakes,  rather  than  by  increaad 
of  precipitation.  These  glaciers  of  northern  Prince  William  Sound  lie  entirely  outside 
the  zone  affected  by  great  avalanching  during  the  Yakutat  Bay  earthquakes  of  Sep- 
tember, 1890;  but  there  have  been  a  number  of  other  severe,  recent  earthquakes  in 
A1aaifca»  niioae  origina  were  in  or  near  the  region  of  theae  advancing  ghuaen.  One  anciu 
in  OcloilMr»  1900^  waa  ol  eonaiderabfe  intanaty. 

The  ITakntaft  Bay  glaciers  whidi  have  ao  far  advanced  as  a  residt  of  the  1899  earth- 
qvakea  are  ol  variable  aiaea  and  have  reopooded  in  order  ol  aiae^  the  amaUer  onea  firrt. 
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Hie  advandng  gUcim  in  Frinoe  ¥^]fi«m  Sound  ue  alao  cf  vtmbfe  matB;  bvt  hm 

the  largest,  Columbia  and  Valdez,  seem  to  have  begun  to  adfance  in  1907-08,  hag 
before  the  smaller  College  Fiord  and  Unakwik  Inlet  ice  tongues.  Here,  nine  or  more 
glaciers,  the  large  Harvard,  Yale,  and  Meares  Glaciers,  and  the  smaller,  Wellesley, 
Vassar,  Brj'n  Mawr,  Smith,  Radcliffe,  Barnard,  and  possibly  other  small  ones,  all  began 
to  advance  together  in  1909-10.  This  absence  of  relation  between  size  and  period  of 
•dvmDce,  and  llie  lade  cl  ■pamodie  tnmfonBalktt  to  netivlty  wHtix  npid  letnm  t» 
ftagnatum,  observwl  in  Yakntst  Bay,  miggeats  thnt  tlie  advanoea  mm  in  pragten  ia 
thia  part  of  Prince  William  Sound  are  probably  climatic 

The  following  table  ^  shows  the  piediintAtion  record  from  the  nearest  stations.  It 
also  suggests  that  the  glacier  advances  in  College  Fiord  and  Unak^^-ik  Inlet  are  climatic. 
The  data  is  given  both  in  snowfall  and  in  total  precipitation  (rainfall  plus  melted  snow), 
and  is  arranged  by  years  from  July  31  to  July  31,  so  that  the  snowfall  of  the  winters  of 
"two  calendar  years  appears  together,  that  is  by  snow  years* 


Tabu  Showiko  FteKiRTATiON  ntoii  (1)  Fobt  Lncmc  Nbab  Valdez,  (f  )  Sdhbu 
ON  TuBHAGAiN  Abm,  (3)  Kbmai  ON  CooK  Inlet,  All  at  Sba-Lbtb^ 
AND  (4)  Copper  Center,  1000  Feet  Above  Sea-Level 


Total  FrectpitAtion,  in  inches 

SnovlaU,  in  iochfls 

Doft  lisCDB 

1901—02 

78.67 

8S4.4 

88.8 

MM 

en.i 

108.1 

88.8 

190S— 04 

57  88 

255.9 

89  4 

92.6 

4T.1 

60.58 

187.8 

123  4 

40  1 

25.8 

72.62 

888.6 

112.1 

48.7 

64.1 

n.n 

IM.O 

8a.8 

8B.S 

1907—08 

n.u 

447, « 

158.0 

81.5 

1906—09 

9S.M 

888.7 

87.0 

uoa-io 

TO.flB 

408.5 

Itt.t 

8i.« 

Mean 

75. Ti 

S70.1 

lU.l 

00.8 

88.« 

It  might  be  thought  that  the  increase  in  snowfall  at  Fort  Liscum  (a)  from  334  inches 
in  1901-1902  to  671  inches  in  1002-1903,  an  augmentation  of  337  inches  or  28  feet, 
or  (b)  from  299  inches  in  190G-1907  to  447  inches  in  1907-1908,  an  increase  of  148  inches 
or  feet,  or  (c)  from  888  ladies  in  1906-1800  to  488  inclies  in  1800-1810,  an  incraar 
of  180indieBOrlOfeet,woiiUbeqniteadeqpiatetoaooo«mtfiortlieai^^ 
^aciers  in  College  Fiord.  To  this  there  are  two  po.ssible  objections. 

First,  Fort  Liscum,  the  nearest  of  the  U.  S.  Weather  Bureau  observatories,  is  nearly 
50  miles  from  College  Fiord  (PI.  XCIII);  and  it  is  by  no  mean.s  certain  that  the  climatic 
oscillations  are  similar  aiid  synchronous.  Unfortunately  the  otlier  places  where  precipi- 
tation records  are  kept,  to  the  north  and  southwest  of  College  Fiord,  are  in  regions  of 
ifisaimflar  climate  and  the  reeorda  are  incomplete,  tboai^  tiie  table  just  quoted  shows 

>  M&rtiu,  lAwreace,  Some  Features  of  Glaciers  and  Glaciatioa  in  the  CoU^  Fiord,  Prince  WiUiaa 
SoODd.  Ahsks,  Zciticbrill  fllr  GI«tKk«rkuadek  Bud       BMl  8, 1818,  pp.  88-81. 
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that  the  mcmbJl  (ft)  at  Kemd,  180  miles  southwest  of  College  Fioxd  incxeased  from  M 
iBdMsinlOOl-im  to  100  mdue  in  100»-1906,  comqKmding  to  liie  ^est  incnase  el 
Fort  liscnm  in  19QS-1806,  end  (b)  the  snmvfaU  at  Soniise,  65  miki  wonKkmA  of 
Goflese  Fiord,  increaaed  from  83  inches  in  1906  1907  to  188  inches  in  1907  1908,  cor- 
responding to  the  increase  at  Fort  Liscum  in  the  latter  year.  At  Chickaloon,  950  feet 
above  sea  level  in  the  Matanuska  valley  north  of  the  Chugach  Mountains  and  only  45 
miles  northwest  of  College  Fiord*  we  have  snowfall  records  during  only  two  winters. 
These  show  inches  in  1007-1808  (October  28  to  March  31)  and  only  75^  ioehea 
daring  tiie  eopwpondipg  montha  ol  1810-1011.  At  Copper  Centor,  00  milea  notth- 
east  of  CoUe^a  Fiotd,  the  increaaed  snowfall  appean  for  1007-1008,  but  there  was  not 
as  much  in  100£-1903  as  in  the  following  year,  and  the  greatest  snowfall  waa  in  lOOS- 
190C.  Ten  out  of  fifteen  other  stations  in  distant  parts  ol  A^fifflff,  howover,  show  a 
great  increase  of  sno^-fall  in  1902-1903  and  1907-1908. 

Secondly,  the  two  glaciers  extending  down  to  sea  level  close  to  Fort  Liscum  show  no 
adequate  response  to  the  increase  in  snowfall  in  1007-1006.  Vahlea  Glacier  is  only  8 
mileB  north  and  Shoop  Glacier  onfy  10  milea  northwest  of  Fort  LiKnm.  FoDowingthe 
^onblhig  of  aaowfrdl  in  1008-1808,  liowever,  the  Vaidea  Glader  had  a  alight  advance 
between  1888  and  1008 ;  but  the  adjacent  Shoup  Gladar  had  no  aoeh  advance,  and  Valdes 
Glacier  moved  forward  only  250  to  300  feet  and  then  commenced  to  recede  apain,  as  it 
has  done  ever  since  and  as  we  know  from  annual  observ  ations  that  it  has  been  doing  ever 
since  1898.  Columbia  Glacier,  midway  between  College  Fiord  and  Fort  Liscum,  began 
to  advance  in  1008  and  continued  slow  forward  motion  at  least  until  1911. 

AD  thk  auggeata  that  the  tranendboa  annual  anoiirfall  ol  187  to  871  incfaea  (18|  to88 
fiwt)  at  Fort  liscimi,  and  the  nnaUar  amoonto  at  Sonriw,  Eenai,  and  Copper  Centw, 
may  not  be  representative  of  the  snowfall  in  the  n^v6  fields  of  the  adjacent  glaciers,  where 
the  precipitation  is  pfobafaJy  even  greater,  but  does  not  neceaaarily  fluctuate  in  exactly 
the  same  way. 

On  these  accounts,  though  it  is  probably,  it  is  not  absolutely  safe  to  ascribe  the  for- 
ward movement  of  the  Meares  Glacier  in  Unakwik  Inlet  and  the  eight  glaciers  in  College 
FSoid  in  1810  to  the  increaaed  precipitation  leooided  at  Foftliaeam  during  the  wintera 
ol  1809-1008  or  1807-1806.  The  tampenituie  leooida  are  open  to  the  same  Kmttations. 

The  only  satisfactory  attitude  to  take  at  pre.sent  is  to  ascribe  tlus  gieat  renewal  of 
activity  of  certain  of  these  glaciers  either  (a)  to  climatic  variations  or  (b)  to  earth- 
quake avalanching,  and  then  wait  to  .see  whether  other  adjacent  gla<!iers,  now  retreat- 
ing, such  as  the  Amherst  in  College  Fiord  and  the  Barry  in  Harriman  Fiord,  also  ad- 
vance, and  whether  those  now  advancing  continue  to  advance  for  several  years  as  the 
Cohunfaia  Glacier  has  done,  suggesting  a  dimatic  explanation,  or  whether  tiiegr  develop 
the  diaiacteiietSea  ol  the  carthquakeetimnlated  YaknUt  Bay  i^adaia,  having  qtaa- 
mo&  advances  which  are  of  short  duration.  It  would  be  most  deniable  if  some  one 
could  revisit  the  Unakwik  Inlet  and  College  Fiord  glaciers  in  a  year  or  two  to  gather 
information  on  this  important  question. 

The  initiation  of  what  seems  to  be  a  general  advance  of  the  glaciers  of  western  Prince 
William  Sound  is  a  matter  of  no  little  importance.  Fourteen  ice  tongues  began  to  ad- 
vance in  1008-1010— eisiit  of  them  in  College  Fiord— and  a  fifteenth  had  commenced 
tomofvelanraidinlOOA.  The  inqMrtanceliee  (a)  in  dietingniahingiriiether  this  advance 
is  c&natie  or  due  to  narthgnake  avalanching;  (b)  in  deteimining  whether  the  advance  la 
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a  miiior  intetraplitm  of  the  previoiii  dow  re^ 
y«ar  at «  tine  wooM  fiiggwt;  and  (c)  ia  aliaidiiif  ^ 

climatic  and  is  not  a  smnll  local  affair,  of  seeing  how  long  after  an  increase  in  anofwfdl 
the  general  advance  begins  and  for  what  period  of  years  it  continues.  In  the  latter  case 
the  advance  might  go  on  for  some  considerable  part  of  the  period  of  35  to  50  years  observed 
in  many  glaciers  of  the  Alps  and  other  mountain  regions.'  It  is  especially  interesting 
as  possibly  yielding  future  data  in  connection  with  the  35  year  periods  described  bj 
BrOekner.'  It  would  be  most  deabafale  if  aome  one  could  raviiit  ihe  thtakwik  L^et  and 
College  Fioid  gladen  and  the  othen  in  Haxriman  Fioid  and  tiie  xenamder  at  wecten 
'  Prince  William  Sound  after  a  few  years  to  gather  infbimation  on  tfaii  inqxirtant  qneaCkML 

t  FonI,     Jikrimdi  dei  9Aw.  Alp.  YflKin.  Amraal  vohnaw  be«iiuda«  in  1881. 

Rabot,  C„  Revue  de  Glaciolopic,  Ann.  du  Hub  alpin  Fran^nis.  Vol.  XXVTII,  Paris.  1902;  7^i" /  ,  Xo.  2.  Op. 
dU  Vol.  XXIX.  Fuia.  1909;  Ibid..  No.  9.  M6moirea  dek  Society  Fiibourgeoue  des  Sdeocet  uUireUes,  VoL  V, 
MbcNns.  1800. 

Flnsterwolder.  S.,  Comptea  rendut  du  Guigrte  gi6oU}sique  intcmatiooAl,  de  \1eaiie,  1903,  pp.  161-169. 

Reid.  H.  P..  Variation  of  Glaciers,  Jour.  Geol..  Vol.  III.  1805,  pp.  27»-288;  and  annuaUjr  mm  tbnMtkl 
Journal  of  Geology.   See  alao  tlie  aimuai  volumes  of  tbe  Zeitachriit  f Ur  Gletscheikunde. 

Brtekaer,  Bdoud,  la  CnmiiiiMinii  intamBlioiHte  6m  GHaden  m  Coaeilt  ffelo|iqae  ioteaatioaal.  8laeb> 
holm,  aoflt,  1910,  Zeitschrift  fllr  Gletscherkunde,  Band  V  1911,  pp.  161-178. 

•  Bruckner,  Eduard,  lOimapSchwankangen  aeit  1700,  Geog.  Abband.  vom  Dr.  Pcack.  BmuI  IV,  Wioa,  UOQl 
pp.  18i-lML 
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GIACIEBS  OP  HARRTMAN  FIORD  AND  FORT  WELLS 

* 

Habbdian  Fiobd 

General  Description.  Harriman  Fiord  is  the  northwestern  arm  of  Port  Wells,  the 
northeastern  branch  being  Collie  Fiord.  It  has  the  form  of  a  bent  arm.  The  lower 
part  of  tliis  fioid  from  Port  Wdb  to  dw  elboir  callM^Bany  AniL  It  extrnds  nortli^ 
mrtmd  frmn  Ft.  Fdcenham  for  %  dirtuce  of  aboiit  8  miles,  Bmny  Glacier  betng  at 
the  ellK>\v  end  (IVIap  8). 

Harriman  Fiord  proper  extends  westward  from  the  elbow  of  Pt.  Doran  at  right  angles 
to  Barry  Ann  and  then  turns  southwest,  having  a  total  length  of  over  12  miles,  and 
terminating  at  tJie  tidal  front  of  Harriman  Glacier.  About  half  way  down  the  western 
side  is  a  tributary'  iiord  2^  miles  long,  terminated  at  tbe  western  end  by  Surprise  Gla- 
ofar.  On  Uie  aoutlieRi  nde  of  this  islet  is  Gatanet  6laicier»  ivliidi  desnends  the  flond 
waD  to  tidewater.  About  half  way  between  Surprise  and  Bony  Gladen  is  the  fifth 
tidal  ice  tongue  ol  Harriman  Fiord*  Serpentine  GladcTt  ivhich  ends  in  a  small  cove.  The 
other  ice  tongues  of  the  fiord,  none  of  which  reach  the  sea,  are  Toboggan,  Baker,  De- 
tached, Roaring,  Dirty,  Wedge,  and  a  number  of  smaller  ones.  The  snow  line  is  at 
an  elevation  of  2000  to  2500  feet  (PI.  CXVII,  B),  and  above  it  the  proportions  of  snow 
covering  and  bare  rock  vary  with  the  slopes. 

Bony  Ann  and  Harriman  FioRi  are  from  1  to  S  miles  wide  aad  are  bordered  by  steep 
Ikicd  indls.  rising  from  8000  to  4000  feet  within  a  mile  of  the  11^ 
m»*»fmA^g  grwler  heights,  including  Mt.  Gilbert,  10,194  feet  high,  the  highest  peak  in 
the  western  Chugach  Mountains  (PI.  CXXVII),  at  a  distance  of  5\  miles  from  the 
fiord,  Mt.  Gannett,'  9240  feet  high  (PI.  CXXVIII),  5  miles  from  the  fiord,  and  Mt. 
Muir,  8207  feet,  2  miles  from  the  fiord.  Harriman  Fiord  lies  in  the  very  heart  of  the 
Chugach  Mountains  and  the  northern  slopes  of  Mts.  Gilbert,  Muir,  and  Gannett  supply 
ioe  for  the  Knik  Glacier  which  flows  northward  to  the  Matannska  Vall^  and  the 
head  of  Cooik  Lilet  A  hi^  glader  between  Mt  Gilbert  and  Mt  Gannett,  visible 
from  Port  WeUs,  is  probably  a  part  of  the  north-flowing  Racier  system. 

Pf0tiou»  Studiu,  The  Barry  Arm  portion  of  Harriman  Fiord  was  shown  roughly 
iqion  nsfw  by  Vanoouver  in         Appl^cate  in  1887,*  and  Glenn,^  Castner  *  and  Men- 

'Nttaad  ia  UIO  for  Bauy  Gaoaett,  PMident  of  the  National  GeognpUe  8od^,  iriw  ww  a  nenlMr 

if  tts Harriman  Expedition  in  1899  and  who  first  mapp«l  the  giadcrs  of  thia  fioni. 

'Taaeouvcr,  Capt.  George,  A  Voyage  of  Dijooveiy  to  the  North  Facific  Ooean  and  Bound  the  Wozld, 
Vol.  ^  m  map  alio  fai  DavUbon  (see  bdow),  R  V. 

'  Applegate  S.,  map  in  Davidaon's  Glaciers  of  Alaaka  that  are  Shown  on  BMrfsa  disrii  €rlf«nliOBtd  itt 

0\'\cT  Narratives,  Trans,  and  Proo.  Gvog.  Soc.  Pacific,  Vol.  S,  1904,  K.  XI. 
•  Glean.  £.  ¥.,  War  DepL,  Adj.  Geo.  Office.  No.  XXV.  1800.  pp.  19.  SI,  and  map  (in  pocket). 
•GMtaMi^  J.  C«  IMU  p.  in. 
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dflolMll  ^  in  18Mk  tl&e  B«ny  Glacier  being  briefly  mentioiMd  in  tbe  kter  aieoonnts.  In 
1794,  1887  and  1888  Bany  Glacier  extended  neatly  acfotfi  to  Boint  Docan,  ao  that, 
from  near  PL  Pakenham,  at  the  nortliem  end  of  Port  Wdb,  Bany  Am  aeemad  to 

terminate  there. 

It  was  not  until  1899  that  the  existence  of  the  soutliweslern  portion  of  the  fiord  was 
discovered  by  white  men,  though  Grant  states  that  native  seal  hunters  had  previously 
entered  it.  In  that  year,  the  Haniman  Expedition,  going  close  to  the  front  of  Bany 
Glacier,  dJacovered  tiw  inlet  to  the  aoutfaweit  wfaidi  th^  entered  and  cqiloted.  He 
Harriman,  Cataract,  Smprise,  Serpentine^  and  smaller  glaeien  were  described  lor  the 
first  time  by  various  members  of  the  party,"  including  G.  K.  Gilbert.'  A  map  was 
made  by  Gannett^  (PI*  CXXIX,  A),  and  the  glaciatkm  of  lT*»-imf«  ^iagd  and  Pott 
Wells  was  studied. 

In  1905,  1908  and  1909  Harriman  Fiord  was  visited  by  Grant,'  Paige  and  Higgins, 
who  remapped  the  glaciers,  taking  many  photographs,  describing  the  great  retreat  of 
Bany  Glacier  from  1809  to  1909,  and  giving  many  new  facts  about  the  gladeia  and 
glaciation  of  the  region. 

The  National  Geographic  Society's  expedition  of  1910  spent  July  25th  to  August  2d 
in  Harriman  Fiord  and  Port  Wells,  studyin/r  the  glaciers  and  the  former  placiation,* 
making  special  maps  of  a  number  of  the  ice  tongues,  and  soundings  throughout  Hani- 
man  Fiord  and  Port  Wells. 

Barry  Glacier.  Bany  Glacier,  heading  in  snowfields  on  Mt.  Gannett  and  unnamed 
peaks  8000  to  9000  feet  high,  mt  of  the  cascading  glaciers  of  College  Fiord,  has  a 
known  kagth  of  over  9  noEes,  and  is  about  a  mile  wide  in  its  lower  vaUey.  Close 
to  the  terminus  it  is  joined  Iqr  the  Cascade  and  Coxe  Glaciers,  cascading  tributaaes 
each  half  a  mile  wide,  which  increase  the  width  of  the  main  glacier  to  a  mile  and  three 
eighths  at  the  terminus.  Tlie  glacier  ends  in  a  wide  ice  precipice  between  200  and 
300  feet  high,  discharging  small  icebergs.  The  slope  of  the  main  glacier  surface  is  350 
to  400  feet  to  the  mile  and  it  is  severely  crevassed  from  side  to  side. 

The  Cone  and  Cascade  tributaiiee,  severely^aevassed,  rasrading  gladen,  akpe  1008 
to  8000  feet  to  the  mile.  The  former,  heading  in  cirques  near  Mt.  CoviUe  *  tad  lit 
Emcnon,  has  no  medial  moraines.  There  is  a  lateral  moraine  on  the  west  side  but  none 
on  the  east.  This  western  lateral  moraine  coalesces  with  a  lateral  and  east  medial  of 

■liBDdiibd,  W.  C  fOUi  Aim.  Kept..  U.  S.  GeoL  Sorv^r*  But  VII.  1900,  p.  MB  «1  If^i  IS. 

•  Gannett,  Henry.  Nat  Geog.  M«g.,  Vol.  X,  1899.  pp.  510-511;  Bull.  Am  r.  GfOR.  Sx-.,  Vol.  XXXI, 
1899.  pp.  840-847.  854-885;  Hmiumui  Aliukft  Expeditioa.  Vol.  II.  1901,  p.  S63;  alio  Mutr.  Jdtin.  Ibid^ 
YoL  I.  IMl.  pp.  lat-lSS;  •!»  B«imN«lM^  Ibbi,  iUI.,  Yd.  \  1901.  pp.  71-71.  Muv  cf  the  pholamks 

most  useful  in  connection  with  the  aubaequent  retreat  of  the  glaciers  are  by  C  IlartMwiiML 
>  Gilbert.  G.  K..  Harriman  Alaaka  Eipedition.  VoL  III,  1804.  pp.  8»-07,  i74i,  170. 
*Hnd.   Pi.  Xin.  {adng  p.  80. 

•lUewater  Gladen  of  Priooe  ^mUam  Sound  and  Kenal  FarilMWis,  Bdl.  IT.  fi.  Gool.  Survcif  ^ 

araUon);  in  Rcid*»  Variations  of  Glaciers.  Joum.  Geo!  ,  Vol.  XFV.  1906,  p.  407;  Ibid^  Vol.  XIV.  1908, 
p.  671;  alao  mapa  in  BuU.  iM,  U.  S.  Geol.  Survey,  1906,  Fig.  4.  p.  79;  Ibid^  BulL  879,  1900,  PL  IV  iaciac 
p.  88;  /MI..  Bdl.  448,  in«t  H.  It  CKbg  p.  10;  and  IL IL  in  podKi;  Gbden  «t  Ftet  Wdk,  Mas*  IMfaas 
Sound,  Bull.  Amer.  Geog.  Soc.,  Vol.  XLHT.  1911,  pp.  S27-8S8. 

•  Martin,  Lawrcnrr,  Nat.  Gwg.  Mag.,  Vol.  XXII.  1911,  pp.  650-551,  558-.560;  Glctscheruntersuchungm 
Ilags  der  KUste  vou  Alaska,  Fetermann's  Geog.,  Mittcilungen,  Jahrgang  191^,  S.*ptemberheft,  pp.  147-140; 
OolWs  WMUy,  YoL  XLYQ.  No.  17. 1011»  p.  flO. 

> NsiMd  in  MIO  far  JnMk  V.  CwMs  lAo  Tirftod  tte  wjjwi  b  1800  with  the  WsiiIms  ff iimliliM 
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A.    Genkral  View  of  Harvard  Glacier 
Showing  portion  of  Chugnch  Mountains  which  it  drains.    Photograph  from  Station  N  (Map  7),  July  24. 1910. 


B.    In-cli.ned  Exi>8  of  Medial  Moa^ixEs  or  Harvard  Gl.\cier 
Detailed  view  of  part  of  ice  cliff,    Photograpli,  July  17,  1910. 
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Plate  CXXIV 


A.  (Jexerai.  Viku  or  Vai.k  (h^mikk 
riii»l«»Krapli  l)y  C.  Hjirt  M«  rriain.  1H!K». 


B.     AmIIEHsT  and  CRESt  KNT  GL.\C-lfUtS 

From  soiilhem  part  of  College  Fiord.    Photograph,  July  io,  1910. 
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PULtE  CXXVI 


SffiMvnTNK  Torn*; n\ PHY  of  XoRTTTrnv  CmA.rr.F.  Fronn 
Soundings  in  fot-t,  cuutour  interval  lUU  feet.    Some  features  of  glucial  erosion  and  depoeution  above  sea  le^tl  ikl 
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the  nuun  glacier,  forming  a  weak  medial  moraine  which  terminates  near  the  eastern 
mle  of  the  glacier  terminus.  Near  the  western  margin  ol  Bany  Giadir  is  an  unusuaUy 
ttatmg,  blade  medial  moraine,  aeparsted  from  the  ytJikj  wall  by  a  strq>  of  dean  ioe 

and  by  a  strong  black  lateral  moraine. 

Cascade  Glacier  (PI.  CXXYIII),  heading  in  6000  to  8000  foot  cirques  on  Ml.  Gan- 
nett, descends  over  the  lip  of  its  hanging?  valley  at  a  level  of  about  3000  feet  with  a 
lower  step  at  2100  feet.  The  western  si<le  of  Cascade  Glacier  has  a  dark  lateral  mo- 
raine which  becomes  the  western  lateral  of  Barry  Glacier  below  their  confluence.  The 
eastern  side  has  none. 

Just  abov«  the  entranee  of  Gaacada  Gbcisr  tiie  edge  of  Bany  Glacier  Is  loioed  vp 
onanKksafaoeomiriiicb  its  western  kteralmoraoMndeiiriths  Aim  ribbooedeiaet; 
but  bdow  this  point  tiie  broad  black  moraine  all  but  disappears,  showing  on  the  ter- 
minal ice  cliff  only  as  a  faint,  narrow  band,  slightly  inclined.  Tliis  disappearance  of 
the  moraine  seems  to  be  due  to  sliding  down  of  fragments  in  the  more  stn  erely  crevassed 
lower  end  of  the  Bany  Glacier  where  it  is  joined  by  the  steeply-descending  Cascade 
Glacier. 

Bdow  their  ooaflaenoe  the  Cascade  Glacier  is  compressed  to  half  width  by  th^ 
Bany  Glader,  at  the  medial  mocaines  piove.  A  bioad  medial  mocaiiie  lAieh  ranaioa 

nearly  vertical  at  the  tcnnilial  ice  cliff  fonni  a  striking  contrast  to  the  inclined  ends 
of  the  Harvard  Glacier  moraines.  Tlie  Barry  and  Harvard  and  the  Cascade  and  Rad- 
cliflFe  Glaciers  have  similar  slopes;  hut  the  Radcliffc  cascading  glacier  retains  nearly 
full  width  at  the  ice  front,  compn^ssing  the  main  Harvard  Glacier  to  half  width,  while 
in  Uarriman  Fiord  these  relationships  are  reversed. 

Then  an  aaveral  anall  glados  near  the  Bany  Glaeier.  The  group  between  Mt. 
OoHOe  and  ICt*  Cnrtia '  tenninate  8000  feet  aboive  sea  kivoL  Two  in  drqpiee  and  on* 
in  s  hanging  valley  between  Bany  andScqtcntine  Oacien  tenninate  8850  to4000  feet 
nbove  sea  level. 

Recession.  The  position  of  Bany  Glacier  in  1794  was  apparently  about  the  .same  as 
in  1887,  judging  by  Vancouver's  map.  We  have  ver\'  little  information  about  the 
condition  of  the  glacier  at  this  early  date,  Lieutenant  Whidbey  speaking  of  Bany  Arm 
na  "a  bay.  about  a  league  and  a  half  deep  toward  tiie  N.  N.  W.,  hi  whidi  were  aeen 
several  dioals  and  mndi  ioe.** 

Applegate  made  no  deeeiqition  of  Barry  Glacier  in  1887.  He  went  no  nearer  to  it 
tiann  Pt.  Pakenham,  marking  the  termination  in  about  the  same  position  as  shown  on 
tike  map  of  1898,  and  sho^nnp  no  indication  of  the  existence  of  Harriman  Fiord. 

Mendenhall  relates  that  in  1898  Barrj'  Glacier  was  more  extensive  than  either  Har- 
vard or  Yale  Glaciers.  Glenn,  who  in  the  same  year  named  it  for  Col.  Thomas  H.  Bany, 
aaid  that  it  waa  **one  of  the  most  formidable  aa  mffl  as  the  most  interesting*'  of  the 
glncieiB  that  they  saw.  Conmig  from  it  they  saw  ''immense  iod>eiga  tiiat  had  evi* 
dentlsr  broken  off  from  the  glacier.  BCany  of  these  were  from  ten  to  twenty  tnnee  aa 
lacge  na  our  boat."  '  When  they  were  near  Yale  Glacier,  alternating  two  or  three  timer 
an  Imwit  with  the  roar  of  snow-slides,  a  "noise  caused  by  the  falling  of  the  immen.se  ice 
floen  from  Barry  Glacier,  could  be  heard  like  the  rumbling  of  distant  thunder  and  which 

t  Named  in  1910  for  E.  C.  Curtis  who  took  many  excellent  photographs  of  tUi  sad  oikar  Firiaes  WlUtlSI 
f^mifyi  ^aam,  at  the  time  of  bu  visit  with  the  Uarriuuui  £xj>edition  in  1899. 
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seemed  to  shake  the  mountains  on  cither  side  of  lu.  We  must  have  been  at  least  Iff 
miles  from  Barry  Glacier,  and  yet  we  could  distinctly  hear  the  icebergs  falling  from 
it  into  the  sea."  In  May,  1898,  Castner  went  up  Barry  Arm  "to  within  a  half  mile 
of  the  sea  end  of  the  great  glacier.  Photographs  were  taken  and  the  interesting 
manufacture  of  icebergs  watched.  The  latter  consisted  of  a  breaking  off  and  tumbling 
into  tlie  Ma  of  tons  at  bine  ioe  ham  the  leoe  at  the  ^aoier,  •eeoaiMiiied  bgr  tbe  nwr  at 
m  Niagm.  m  tlie  be^g  cterted  ob  its  oeeu  rafgt,  wmibuSfy  to  melt  and  beeome  a 
part  of  the  tides  which  now  cacried  it  away.'* 

This  description  by  Castner,  with  the  mention  of  the  great  aise  of  icebergs  and  the 
noises  heard  by  Glenn  from  as  far  as  Yale  Glacier,  a  phenomenon  not  observed  in  1910, 
are  quoted  because  they  suggest  some  very  great  activity  in  1898.  Field  evidence, 
observed  in  1910,  in  connection  with  a  study  of  the  distribution  of  the  vegetation,  in- 
dependent^ fixed  1888  at  the  date  at  the  laat  great  actmty,  wlikli  lewai  to  have  ceased 
befoie  tlie  yidt  of  the  Henimaa  Bqiodition  the  folloifivgyaar. 

It  is  possible  that  Barry  Glader  barred  Hanimaa  Kotd  in  18M»  pediapa  all  hak 
toiidiing  Pt.  Doran.  But  the  absence  of  a  barren  zone  on  Ft.  Doran  proves  that  the 
glacier  did  not  actually  rest  upon  this  point.  This  is  probably  because  of  the  extremely 
strong  tides  which  were  observed  here  even  in  1910  after  Barry  Glacier  had  retreated 
8|  miles.  In  1899  the  glacier  front  stood  about  |  of  a  mile  from  Pt.  Doran,  as  Gan- 
nett** map  shows.  Hie  naxiative  and  photographs  by  mmben  ol  the  Harriman  Eaqie- 
^tkn  indieate  tiiai  the  diichaige  of  leige  iceberg»>  and  tibe  nmmnal  mrinoii  ohaerved 
by  Castner  and  Glenn  a  year  befioia,  had  ceased.  GUbeit's  desetytion  of  the  18M 
conditions  is  as  follows : 

"Barry  Glacier,  at  the  entrance  to  the  fioid*  approaches  from  the  north-northeast. 
Its  low  grade  indicates  a  distant  .source  ...  it  impres.sed  the  beholder  as  one  of 
the  largest  ice  rivers  of  Port  Wells.  Its  peculiar  relation  to  the  fiord  causes  it  to  be 
swept  by  the  passing  tide  and  prevents  the  accumulation  at  icebergs  about  its  front, 
but  the  same  lelation  eBtposes  it  to  wiwiptioBaUy  laiiid  nwlling  by  the  sea»  and  tba 
oonfliet  of  ioe  cunent  with  tidal  cumni  mnst  be  aetbe.  The  forwaid  floiw  of  tlm  ien 
lends  to  narrow  the  strait,  and  this  constriction,  by  increasing  the  qpeed  of  the  tidew 
enhances  the  melting  power  of  the  water.  The  fact  that  the  glacier  was  able  to  occiqjy 
two  thirds  of  the  ^\  idth  of  the  fiord  indicates  that  its  foms'ard  movement  was  strong. 

"Its  moraines  were  of  sniull  rt'Iative  importance,  but  a  belt  along  the  western  margin 
was  darkened  by  drift  and  there  were  two  medials.  One  of  the  latter,  exhibited  in 
section  in  the  hea  at  the  oliff,  was  seen  to  be  the  snfaee  ovten^  of  a  dieet  of  dnfU 
diaiged  ioe  which  extended  cbliqudy  downward,  passing  under  the  wmUan  potUua 
of  the  stream, 

"  The  clifT  was  furtlier  diversified  by  a  nombcr  of  Ottves  st  the  water's  edge^  HHHiiiawl 
to  be  the  mouths  of  englacial  streams. 

"Connected  with  the  eastern  edge  of  the  ice  was  a  long,  narrow  tongue  attached  to 
the  shore  (PI.  CXXX,  A),  evidently  a  remnant  left  by  the  glacier  at  some  very 
recent  date  when  its  front  was  more  extensive.  As  this  strip  was  not  protected  by 
gravel,  it  most  have  been  wasting  npid^>  and  the  period  of  its  separation  nnqr  lin.w« 
been  only  a  few  m<Hiths.  I  was  in  doubt  whether  to  ascribe  it  to  a  progresave  afamiko 
age  of  the  glacier  or  to  seasonal  variation.  On  the  same  coast  the  loieat  did  Bot  Sip* 
pioadi  the  gladw  doedy  at  the  water  line^  but  passed  above  it,  leaving  a  baaen 


Digitized  by  Google 


6IACIEBS  OF  HABHIMAN  PIOBD  AMD  FORT  WELLS  MS 

several  hundred  feet  broad.  The  common  boundary  of  the  barren  zone  and  forest  was 
so  well  defined  as  to  indicate  that  it  represented  a  former  limit  of  the  ice,  but  there 
were  no  overturned  trees.  If  the  forefit  ever  occupied  the  barrw  zone,  and  was  there 
destroyed  by  tm  advaaw  of  the  glacier,  the  oocnmnee  wm  to  long  ago  that  tlw  ovw^ 
toned  trce  tnmka  kad  dieappeaied  thvou^  deeay .  Tlia  portkne  of  the  foicit  neantt 
the  ice  included  no  trees  of  laige  tSm,  but  as  there  were  many  standing  dead  trunks 
it  is  probable  that  the  growth  was  mature  and  that  the  small  size  of  the  trees  indicated 
merely  conditions  unfavorable  to  luxuriant  growth.  Translating  these  facts  into  terms 
of  glacial  history,  it  seems  probable  that  the  Barry  had  been,  at  sometime  witliin  tlie 
century,  somewhat  larger  than  when  we  saw  it,  but  that  it  has  not  for  a  series  of  centu- 
nes  exceeded  thoHndtmailced  cot  by  the  na^bcnii^  H  any  change  had  oocvved 

iriUiha  the  last  year  or  two  it  was  of  dhnmiitiaiL 

"The  opposite  wall  of  the  fiord  is  forested  down 
to  the  water's  edge,  and  it  is  thus  shown  that  no 
recent  advance  of  the  glacier  has  canied  it  comr 
pletely  across  tlie  channel.** 

By  1905  Grant  reports  that  "the  extreme  front 
of  Bany  Glacier  .  .  .  hat  vetnated  at  least  a 
Bale  ^  sinoe  IBM.  The  long  frant  iiludi  projected 
iniD  Doian  Strait  for  nearly  two  miles  has  entirely 
disappeaiedt  and  the  front  is  now  nearly  straight 
across.  The  little  tongtie  of  ice  which  lay  along 
the  ea.st  side  of  Uic  glacier  has  also  disappeared." 
A  photograph  from  Pt.  Doran  by  Grant  and  Paige 
in  im  (FL  CXXX,  B)  shows  this  retreat  graphi- 
cal^ in  oonqiailson  with  a  photograiih  by  Bleiriam; 
from  nearly  the  same  site,  showing  enormous 
duuiges  both  on  the  southwest  and  the  southeast. 
Barry  Glacier  was  revisited  by  Grant  in  1908  and 
"its  front  wa.s  found  to  liavc  retreated  on  the  east 
side  about  a  fourth  of  a  mile,  and  more  than  this  on  the  west  side.'**  Grant's  1909 
photographs  (PI  t.«XXXT,  A)  shofw  that  a  year  later  the  retreat  of  the  western  edge 
had  increased  about  880  feet,  and  he  has  stated  that  the  middle  of  the  glacier  had 
retreated  half  a  mile.  At  this  time  Higgins  made  the  map  of  Bany  Glader  reproduced 
in  Fig-  44,  also  showing  graphically  a  decade  of  this  retreat. 

In  July,  1910,  the  National  Geographic  Society's  expedition  found  that  tlie  amount 
of  retreat  of  Barry  Glat  ior  during  the  previous  year  wa.s  about  1600  feet  on  the  eastern 
side  and  500  feet  on  the  western.  There  were  disconnected  ice  masses  above  and  in 
front  ai  the  glacier,  in  the  area  of  fiord  wiU  exposed  by  mehing  during  that  year. 

At  tbe  tenmnns  of  the  Racier  in  1910,  the  vertical  thtnmng  by  ablation  during  the 
8}  mSe  retreat  from  1898  to  1910,  amounted  to  900  feet  on  Uie  western  and  1000  feet  on 
the  eastern  side.  Between  the  Cascade  and  Bany  Glaciers,  the  ice  surface  was  lowered 
060  leet,  and  bdireen  Cose  and  Bany  Ghuaers  700  ieeL  The  curving  medial  morainiw 

t  Given  in  s  Uter  publication  as  1 .2  miles. 

I  About  2200  feet  on  the  weatern  lide,  as  measured  on  a  pbotAgrapb.  Giaat  and  HifgiQi  itate  that  th» 
retieat  in  Uiia  period  WM  foiiMnitlii  of  a  mik  akmg  the  aria  of  the  ^adv. 
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that  fomieilj  codated  on  the  io»  bctiraai  the  18M  and  1910  termiiuu,  men  m  tk 
1800  phetognqphfl,  were  of  oouiae  ell  lemo'ved  by  the  ■hotteniag  of  tiie  ^aeier. 

In  1910  the  terminus  of  Barry  Glacier  was,  therefore,  over  3|  miles  farther  north  thai 

in  1999  (Fig.  44).  The  stages  of  tliis  retreat  are  shown  in  photographs  taken  in  1899, 
1905,  1909,  and  1910  (Pis.  CXXX  and  CXXXI)  and  in  the  maps  (PL  CXXIX). 
The  amount  of  ice  lost  during  this  retreat  amounts  to  over  a  cubic  mile. 

The  behavior  of  Barry  Glacier  throughout  tlie  period  of  observation  may,  accord* 
iogly,  be  suiiiinHiMd  w  foUonn: 


Daie  oj  ObsenaiUm 

/"If 

Chan(fe 

Amount 

Ohterver 

Before  June  8>  1794 

Unknown 

Whidbfly 

JuoeO,  1794,  to  JuiMfe  1887 

little  known 

Apploigitici 

change 

June^  1887,  to  May  6, 1888 

Advance  in 

Caatner 

1898 

May  6,  1898,  to  June  26,  1899 

Retreat 

i  to  f  mile 

Gannett 

June  S6.  1889,  to  Aug.  20»  1905 

Betieat 

1  flrmile 

Grant  and 

continued 

Aug.  00, 1905,  to  Aug.  11, 1908 

Betieat 

A  mile 

Grant 

continued 

Aug.  11»  1908,  to  June  S9, 1900 

Ketreat 

JBalfamiie 

Grant  and 

continued 

Higgins 

June  29,  1909,  to  July  25.  1910 

Retreat 

500-1600  feet 

Martin 

continued 

Detached  Ice.  A  conspicuous  feature  associated  with  the  recent  extension  of  Bany 
^•CMT  M  a  detached  ke  mass  \  mile  wide  and  over  \  mile  long,  which  in  1910  wie 
two  miles  htm  the  ice  front  It  had  evidently  lingered  became  of  the  pwtoction 
ol  the  broad  lateral  morain<>  on  the  Bany  Glacier  shown  in  an  1899  photognph.  la 

1910  it  was  a  slumping,  irregular,  ablation  moraine  covered  ice  mass,  octoufing  up 
the  hillside  to  a  height  of  440  to  285  feet,  and  on  its  southern  and  northeastern  sides 
having  a  steep  margin  of  glistening  black  ice,  thickly-set  witli  stones.  liesides  this 
isolated  ice  mass,  Uiere  was  to  the  south  and  west  an  additional  adjacent  area  where 
slumping  was  going  on,  young  shrubs  and  moss  were  being  ovuitufned,  and  much  walir 
was  emerging,  furnishing  evidence  of  the  presenoe  of  deepty-buiied  ice. 

Thece  were  also  suboidinate,  minute,  detached  masses  of  ice  nearer  the  front  of  Bany 
Glacier,  those  on  the  western  side  being  close  to  the  ice  front  and  covered  wi^  nMaHff* 
moraine.  In  most  places  the  westnn  fiord  wall  is  too  steep  to  retain  ke  mansrs  ef 
this  sort. 

Barren  Zone.  A  second  feature  proving  recent  retreat  is  an  extensive  barren  zone, 
the  maigin  of  which  was  already  visible  in  1899  when  Gilbert  discussed  it  briefly.  Its 
increased  area  from  1899  to  1909  was  described  by  Grant  and  Higgins,  and  indkited 
on  a  map  (FSg.  44).  It  is  shown  m  still  greater  detafl  hi  Pis.  CXL  and  CXXXIX. 
Hie  upper  edge  of  this  barren  aone  reaches  a  height  of  960  to  1100  feet  above  sea 
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level.  It  includes  a  strip  of  fiord  wall  from  un  eighth  to  a  quarter  of  a  mile  wide  in 
tlie  aiea  occupied  by  the  Barry  Glacier  in  1898,  widening  at  the  southwest,  opposite 
Pt  Donui,  in  a  nunaiiiic  flat  f  of  a  mik  wide  and  neaily  2  nuka'kmg. 

Mndi  of  the  bamn  flMie  it  made  up  of  mooUi  ^adat^ftd  rock  mnhmm,  with  acatteied 
erratics  and  an  absence  of  all  vegetatkm  except  a  Teqr  Urn  ahmba^  none  of  them  more 
than  11  years  old.  At  the  upper  margin  of  the  {)arren  zone,  on  each  side  of  Barrj'  Arm, 
there  is  a  well-marked  push  moraine,  at  the  edge  of  the  deoat  mature  foicet  into  which 
the  glacier  advanced  during  the  last  maxiumni. 

Moraines.  There  are  well  developed  terminal  and  lateral  moraines  at  the  1808  ter- 
Bumieof  Bany  Glader.  Put  of  tlw  tenmnal  BMiiine  k  below  aea  levdi,  but  a  lai|^ 
pnpofftion  Iban  in  most  otiber  tidal  giacien  of  tiiu  lei^  u 

moraine,  which  forms  the  large  triangular  flat  northwest  of  Point  Doran,  covers  an  area 
of  IJ  miles  long  and  over  ^  mile  wide,  and  projects  southward  into  tlie  fiord  for  3000 
feet,  narrowing  tliis  portion  of  Harrinian  Fiord  to  less  than  half  its  normal  width.  At 
low  tide  it  is  continued  southward  IHOO  ftH>t  by  a  submerged  continuation,  and  sonlheast 
of  this  across  to  Pt.  Doran  tlie  fiord  is  nearly  filled.  Above  this  submerged  moraine  three 
iboale  ilee  out  of  the  water  at  low  tide^  their  emfacet  made  of  till  and  gladal  bowidem 
open  whkh  manor  ioebecge  strand  (Fl.  CXL). 

The  dryland  portion  of  this  terminal  motaine  baa  nmneroa*  fcetUee  and  ndgee  and 
then  are  three  lines  of  ponds.  It  constitutes  a  low  morainic  surface  with  an  area  of 
oatwash  gravels  at  the  northern  edge,  near  the  mountain  wall.  At  the  western  edge 
these  grade  into  beach  deposits  of  sand  and  mud  whicli  fringe  tlie  whole  soutli western 
margin  of  the  moraine.  An  abandoned  stream  channel,  with  coarse  watcrwom  gravels, 
kads  westward  from  the  edge  of  the  isolated  glacier  remnant,  where  a  large  glacial  stream 
endeot^y  emerged  from  the  ice  in  1808  or  1800.  The  eastern  border  of  the  moraine 
gmdee  Into  simnping  material,  still  being  added  in  1010  by  the  melting  of  the  hrge 
stagnant  ice  block.  East  of  the  ioe  block  the  terminal  moraine  rests  upon  the  smooth 
rock  surface  of  the  barren  zone,  much  of  which  slopes  so  steeply  that  the  d4bris  left  by 
tlie  glacier  has  slid  down,  forming  an  atx'umulation  at  the  mountain  base.  There  are 
only  scattered  shrubs  on  this  terminal  moraine,  the  oldest  having  11  annual  rings. 

A  lateral  moraine  ridge  extends  up  the  mountain  side  from  the  terminal  moraine  area 
rinig  nordiwaid  toward  Bany  Gkder.  It  slopes  upward  at  the  rate  of  IMO  feet  to  the 
nfle  lor  the  first  thhd  of  a  mile,  and  082  feet  to  the  mife  for  the  noKt  fire  eighths  of  a 
mile.  Beyond  this  we  have  not  traced  the  lateral  moraine;  but  the  edge  of  the  barren 
eone  first  becomes  flat  for  a  mile  and  a  half,  then  descends  300  feet,  and  then  ascends  150 
feet.  This  proves  that  the  slope  of  Barrj-  Glacier  was  much  flatter  in  its  expanded  con- 
dition ill  1898  than  in  1910  (350  to  400  feet  to  the  mile),  but  that  it  sloped  much  more 
steeply  at  the  terminus  than  now. 

Tliii  iatersl  moraine  is  generally  a  single  ridge  (Fl.  CXXXII,  A),  rising  in  plocee  18  to 
15  feet,  in  other  plaoee  85  to  80  feet  above  the  sunomiding  smboe.  It  seems  to  be  a 
push  moraine  like  those  at  Cohnnbia  Glacier,  and  is  so  namnr  for  most  of  its  length 
that  it  is  often  difEcuIt  to  walk  upon  its  somewhat  sinuous  crest.  Rarely  it  broadens 
to  50  feet,  though  generally  retaining  a  narrow  crest  and  \  erv-  steep  lateral  slopes. 
Less  than  a  mile  from  its  beginning  it  terminates  against  a  prec  ipitous  rcxk  <  lifT  upon 
tdiich  no  moraine  could  stand.  This  is  just  .south  of  a  prominent  waterfall  (PI.  CXL). 
Much  of  the  constituent  material  is  till  and  rounded  gravel  but  there  are  also  many 
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lugb  striated  bonrlders  and  some  buried  tnmks  of  tiees,  some  of  tiiem  U  to  St  imAm 
in  diameter.  Outaide  lliis  inocaine  tiiera  an  oocMioiid  peel  nib  sad,  m 

parallel  push  moraines. 

Upon  this  western  lateral  moraine  are  only  scattered  shrubs  including  eleven  year  old 
alders  and  younger  spruces;  but  extending  doyvn  to  the  vcrs"^  edge  of  the  moraine  is  a  thick, 
mature,  coniferous  forest  with  closely-spaced  trees  a  foot  or  two  in  diameter,  deep  moss 
and  peat,  and  a  luxuriant  growth  of  grasses,  forming  a  striking  contrast  to  the  bairea 
■one  hdam,  AHlhauf^  the  oivenHiriwiing  xnajoritgr  ol  tnes  outride  tiie  baimi  aoae  an 
alive,  there  is  an  oocasional  dead  trae  standing  enct,  and  then  an  many  which  wen 
overturned,  but  not  overridden,  by  the  ice  edge  which  formed  the  lateral  moraine.  Sows 
of  these  trees  have  fallen  outward  into  the  forest;  some  fell  toward  the  ice  and  rest  upon 
the  moraine;  and  in  places  there  is  an  inextric  able  tangle  of  fallen  trunks.  The  condi- 
tions in  1910  vividly  recalled  those  seen  a  few  weeks  before  along  the  margins  of  Columbia 
Glacier  which  was  then  advancing  into  the  forest,  as  Barry  Glacier  must  have  been  doing 
during  and  just  befon  189a. 

Akog  the  eastern  dion  of  Bany  Aim,  tlisn  is  a  similar  latsnl  moiai^ 
of  the  barren  zone.  It  is  usually  from  6  to  10  feet  hi^,  but  rises  higher  where  it  crosses 
the  mouths  of  gullies.  It  extends  up  to  the  very  edge  of  thick  mature  forest,  and  contains 
till,  gravel,  howldcrs  and  wood,  as  in  the  case  across  the  fiord.  In  places  this  margin  has 
windrows  of  dead  tree  trunks,  some  of  them  32  to  40  inches  in  diameter.  On  the  mo- 
raine are  young  alders,  willows,  and  spruces.  We  counted  the  annual  rings  in  one 
qvQoe  3  Inches  in  disBieter,  the  htfgest  seen  grawing  on  the  monin^ 
11  years  old.  Outside  the  moraine  were  some  deed  tnes  stilt  standing  eract,  and  a 
mmber  of  spruces  and  hemlocks  whoae  tops  had  been  broken  oflF  15  to  25  feet  above  the 
ground  evidently  by  ice  splinters  projecting  beyond  the  lateral  moraine,  as  observed  in 
progress  at  Columbia  Glacier.  The  broken  tree  tops  lay  at  the  foot  of  the  trunks,  which 
were  sometimes  inclined  and  sometimes  erect.  In  several  cases  the  broken  tree  had 
sprouted  a  new  top,  two  or  three  inches  in  diameter  and  always  growing  erect  even  on 
mdinedtnes.  Outride  the  nMramelheforast  had  thick  moas  and  ga^emyiwfi^^ 
of  long,  umntsRupted  growth.  A  tree.,  ntmfy  sawed  ol^  which  was  IS|  irnhm  in 
diameter  had  StS  anmial  rings,  suggesting  that  the  fallen  tnmks  ^diidi  measure  9£  to  40 
indies  in  diameter  were  not  less  than  two  centuries  and  perhaps  three  or  four  centuries 
old.  This  furnishes  a  basis  for  computing  the  length  of  time  that  lias  elapsed  since  theto 
has  been  a  glacial  advance  as  extensive  as  that  ending  in  1898. 

Up  to  an  elevation  of  1000  feet  this  eastern  lateral  moraine  slopes  at  an  aversfsrate  of 
4gOfaettotbemile,thenflatlsnBtohfltiaanta1ity;a8esndingagainnfl»thofCoam61^^ 
The  Hairiman  Eipedition  pholoffivlis  and  GilbertTs  deseriptioii  ptoro  that  sineo  tta 
maximum  of  thii  advance  there  had  been  snflkaont  melling  so  that  hf  1800  the  ice  hnd 
shrank  away  from  the  edge  of  the  eastern  hkUsMd  monina^  OKposipig  part  ^ 
zone. 

Within  tlie  area  occupied  in  1899  by  the  long,  narrow,  soutlieastern  projection  of  the 
glacier  a  stream  from  the  mountain  side  had  built  up  an  alluvial  deposit  against  the  ice 
edge.  This  deposit  now  stands  reposed  as  a  teRacOt  cut  into  bj  the  stnam  and  wHli^o 
ioe  contact  slope  '*-»*'^g  so  steeply  that  some  of  the  gravel  has  slid  down  rinoe  the 
supportingicawallwasmafl'wdby  ncesrionof  thof^hcier. 

On  tim  steeper  slopes  of  both  latenl  mocaines,  near  tho  gladar,  stones  faoBt  tiie  o«te 
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sides  were  continually  nBfalg  down  at  Uie  time  of  our  \nsit,  b«caiiW  the  ice  contact  slopes 
of  tfie  lateral  moraines  were  too  steep  fctt  egnilihrinm  alter  tbe  aoppoiting  leader  maigni 

had  been  removed  by  melting. 

Serpentine  Glacier — The  Glacier.  The  Serpentine  Glacier  (Fig.  45),  which  descends 
from  the  snowfields  and  cirques  (PI.  CXXXIII)  on  the  .slopes  of  Mounts  Gilbert  and 


Aeutf.  Mat  ovLoinaBmovStanMBnGuflBDrUUI. 
flhtfwtu(  BioffriBfli^  outiMih  ^avds  sad  bttica  wnm«  Sowdiafi  la  ImA* 


Muir,  is  about  7^  miles  long  and  J  of  n  mile  wide  in  its  moimtain  valley.  At  the 
terminus  the  width  is  nearly  a  mile;  and  the  western  half,  which  end.s  on  the  land,  pro- 
jects a  half  mile  farther  south  than  the  eastern  half,  which  terminates  in  a  cove  of 
Haniman  Fiord.  The  tidal  portion  of  the  gUcier  terminates  in  an  ioe  diff 
CXXXIII)  about  MOO  feet  in  length  and  800  feet  in  height,  luing  out  of  ehalhnr 
water  a  mile  from  Waniman  Fiotd.  A  km  email  icebergs  were  diacbaiged,  mostly  by 
tutnding  down  the  tenainas.  A  rode  ledge  is  eacpoeed  beneath  the  eastern  margin. 
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LicootiMt  to  tliis  tidal  cliff  is  the  projecting  loufh  lialf  of  the  ioefiRmt,  a  low,  sloping 
surface,  with  crevasses  nearly  healed,  easy  to  traverse  and  thinly  veneered  with  ablation 
monune.  In  front  of  it  is  a  small  area  of  slumping  debris  from  whicli  much  water  emerges, 
proving  that  part  of  tlie  flat  is  underlain  by  buricfl  ice  blocks.  Indeed  black  ice  is  revealed 
in  places.  This  projection  of  the  glacier  on  the  western  side  is  due  partly  to  the  prO' 
tecftionftiniidiedby  tlMmotdi^  tiiat  llie  aalt  water  liaa  im- 

deicat  the  aastem  diff  and  caiiaed  it  to  letreat  faater. 

Serpentine  Glacier  is  fed  by  four  or  five  moderate- si  zed  tributaries  from  high  cirqaet 
on  Mt.  Gilbert,  by  one  from  tlie  66S3  foot  peak  west  of  Cascade  Glacier,  and  by  a  laige 
tributarj"^  which  descends  steeply  from  the  slopes  of  Mt.  Muir  and  enters  on  the  western 
side  about  half  a  mile  from  the  terminus.  Farther  south  on  the  slopes  of  Mt.  Muir  there 
are  also  twin  cascading  glaciers,  formerly'  tributaries  of  the  Serpentine,  which  now 
taninate  about  8000  feet  above  aea  level 

The  mliite  fluifaoe  d  Sapentine  Giacier  ia  divenified  by  a  number  of  medial  mwaina 
stripes;  and  there  is  a  pronounced  lateral  moraine  ridge  QPl.  CXxXlH)  on  the  eaatem 
mdfo,  left  ataading  by  recent  retreat.  The  glacier  slopes  moderately  and  is  not  as 
severely  crevassed  as  Barry  Glacier,  although  in  the  last  few  hundred  feet  of  dciicent 
to  the  water's  edge  the  slope  is  so  steep  that  travel  upon  this  part  of  the  ice  surface  was 
impossible. 

Besides  the  rock  ledges  beneath  the  eastern  edge  of  the  tidal  ioe  diff ,  and  the  bare  votk 
dopea  along  the  eaatem  mai^n  of  the  |^acier»lliei»  an  strong  rode  fraaU 
em  maigin,  one  of  them  cut  through  by  a  ahalloir*  amoothly-aooiind  gorge  with  veftieal 
walla  but  villi  no  atieam  at  jneaent.  Ita  upper  end  hanffi  in  the  air.  and  beloiir  its  tW' 

minus  are  stony  stream  deposits. 

Slight  Change.  Betwe<Mi  the  time  of  its  discoverj'  by  the  Ilarriman  Expedition  in 
1899  and  our  own  studies  in  1910,  the  terminus  of  the  Serpentine  Ghicier  has  not  changed 
appreciably  except  in  thinning  and  slight  shortening  described  by  Grant  and  Higgins, 
on  the  bads  of  obaervationa  and  photographs  in  1905  and  1909.  Gannett  mapped  the 
glader  in  a  general  iray  in  1890  (PLCXXIX,  A)  and  Higgms  in  moie  detail  ten  yeais 
later.   It  is  sho-v^-n  upon  our  1910  map  (Fig.  45). 

Moraines.  There  is  clear  e^^dence  that  not  many  years  ago  Serpentine  Glacier  ex- 
tended at  least  a  mile  farther  than  now,  and  that  it  ended  in  Harriman  Fiord  with  a  tidd 
ice  front  1§  miles  or  more  in  length.  This  is  proved  by  terminal  and  lateral  moraine 
deposits  and  by  a  barren  zone  near  the  terminus  of  the  glacier,  containing  only  scattered 
■nail  dmdw  and  toihihiiIi 

The  terminal  moraine  ▼aries  eonsideraUly  in  character,  and  moat  ol  it  ia  free  firam 
dumping.  The  western  part  is  a  broad,  gently-undolaling  auriaoe  ridng  perhaps  50 
iert  above  aea  levd*  but  bang  hi|^ier  and  more  hummocky  on  the  southeastern  border. 
There  is  much  bare  rock,  mostly  angular  and  without  striae.  The  eastern  portion  is  a 
submerged  bar  extending  completely  across  the  mouth  of  the  cove,  except  for  two  narrow 
gaps.  At  high  tide  this  moraine  bar  is  completely  covered;  but  at  low  tide  nearly'  the 
whole  of  it  is  exposed.  Indde  the  bar  is  the  cove  in  which  Serpentine  Glacier  terminatem 
and  in  this  oove  the  irater  ia  from  80  to  51  fret  decp^  while  at  the  entrance  the  greater 
depth  is  only  M  fret  Since  the  frrmerly  expanded  glacier  q»ead  out  into  the  bdb 
shape,  it  will  be  seen  that  the  site  ci  this  cove  inside  the  crescentic  terminal  moraine, 
where  there  was  mdting  of  dean  ioe  without  enough  dduos  to  fill  the  shallow  inden- 
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Wkm  nuj  comeepond  to  the  interior  flats  dMoiibed  in  aomnl  of  the  Yakntat  Biqr 

The  lateral  moraine  on  the  eastern  side  of  the  glacier»  mentioned  by  Gilbert,  is  one  of 
the  best  developed  deposits  of  tliis  sort  which  we  have  seen  in  Alaska  (PI.  CXXXIII). 
It  is  a  narrow-crested  ridge  SO  to  50  feet  high  and  ^^ith  so  sharp  a  crest  tliat  it  is  diflB- 
cult  to  walk  upon  it.  On  the  western  side  of  this  ridge  is  a  bare  slope  of  ground 
moraine  and  bed  rock  extending  to  the  shores  ol  the  cove,  and  to  the  present  border  of 
the  gjbcier;  on  the  eastern  side  it  is  bofdeied  by  dense  mature  foiest  This  lateial 
motaine  is  a  ooiu|MeiMms  oliject  in  the  region,  curving  northwird  along  tiie  maigin. 
ti  Serpentine  Glacier  for  a  distanee  of  over  a  mile,  beyond  which  it  could  not  be  seen 
from  sea  level.  There  is  a  less  conspicuous  lateral  moraine  above  the  western  border 
of  the  glacier  near  the  terminus,  and  extending  a  short  di.stance  up  the  valley.  There  is 
also  a  well  developed  moraine  between  the  main  glacier  and  the  large  tributary  on  the 
west. 

tween  these  Isteral  moraines,  Ihe  terminal  nioiaine^  and  the  i^acier.  Ithasbeencovoed 

so  recently  by  the  ice  that  there  arc  only  scattered  shrubs  on  the  sufaoe*  most  of  the- 
aklers  being  'iii  to  27  years  old.  while  tlie  oldest  spruce  seen  had  26  annual  rings. 

There  is  an  older  tenninal  moraine  outside  the  one  described  above,  the  only  remnant 
of  it  being  preserved  southwest  of  the  glacier  w  licre  it  is  very  hummocky,  and  includes 
many  large  bowlders.  This  moraine  rises  to  a  height  of  approximately  50  or  75  feet  and 
lManifadgMihape(Fig.45)  with  the  point  of  the  wedge  on  tim  shove  of  Hanimaa  Fiosd» 
whence  it  broadens  westward.  In  a  half  mile  attaining  a  widdi  of  9000  feet  Frabably 
this  wedge-shape  is  due  to  the  fact  that  the  eastern  portion  of  the  older  motaine  was 
destroyed  by  the  recent  advance  already  desc  ribed.  That  this  outer  moraine  was  made 
long  before  the  inner  moraine  is  proved  by  the  presence  of  older  trees  upon  it,  there  being 
a  thick  growth  of  willow  and  alder  and  many  spruces  and  hemlocks  nearly  a  century  old. 
The  oldest  tree  examined  was  a  foot  in  diameter  and  had  93  annual  rings.  The  forest 
'oo.  this  older  moraine  is,  however,  younger  and  less  open  than  the  normal  mature  forest 
aoofa  as  that  outside  the  lateral  motaine  to  the  east  of  the  i^acier. 

Ontensfc.  The  southern  side  of  the  older  terminal  mondne  is  flanked  by  a  narrow 
strip,  or  apron,  of  outwash  gravel  and  bcjirh  deposits,  less  than  one-eighth  of  a  mile 
wide  at  low  tide,  and  only  ^00  to  350  feet  wide  at  high  tide.  The  vegetation  proves  that 
most  of  this  outwasli  gravel  flat  is  associated  in  origin  with  tlie  older  advance.  Most 
of  it  is  covered  with  grass,  but  there  are  scattered  groups  of  mature  trees  upon  its  surface. 

Cmssing  this  older  tetminal  motaine^  and  eoivering  parts  of  the  low,  wndnlating  sor^ 
face  of  the  inner  moraine,  is  a  small  area  of  outwash  gravel,  built  from  the  present  ice 
front.  Since  until  recently  streams  have  flowed  over  it  and  it  has  been  undetermined 
by  slumping,  there  is  little  vegetation  on  its  surface,  the  oldest  shrubs  observed  being 
but  8  years  old.  Two  conspicuous  stream-cut  channels  extend  from  this  inner  area  of 
outwash  gravels  across  the  older  terminal  moraine  and  outwash  apron  to  the  sea.  They 
are  ISOO  and  2000  feet  in  length,  respectively,  and  where  they  cross  the  outer  moraine 
are  from.  M  to  800  ieet  in  width.  Each  of  them  is  now  abandoned  and  tbiy  were  evi< 
dent^  formed  at  the  time  of  the  last  advance,  when  the  ice  partly  destroyed  the  cida^ 
terminal  moraine  and  wh^  the  glacial  streams  flowed  across  the  older  moraine.  In  the 
bottoms  of  these  ehanraris  are  stream-borne  gravirfs,  and  abandoned  tewaees.  Thescat- 
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tend  Toung  fihrubs  that  glow  thflra  contnrt  wU^ 

ade  and  with  the  thidt  grass  of  the  older,  outer,  outwash  apron. 

Baktt  Qlaeiei^-General  Description.  Baker  Glacier  is  a  small,  steeply-cascading  ice 
tongue,  descending  from  a  level  of  5000  to  6000  feet  in  a  series  f>f  cirques  on  the  southwest- 
ern side  of  Mt.  Muir.  It  has  a  total  length  of  less  Uian  2  miles  (Fig.  46)  and  terminates 
about  1300  to  1500  fet-t  above  the  level  of  the  fiord.  At  the  terminus  the  w-idth  is  3000 
feet.  The  glacier  ends  on  a  very  steep  slope  and  a  aanow  pendant  ioe  tongne  with  a 
length  of  800 1^  and  a  width  ol  800  feet  eitends  lonranl  from  the  tetnumu,  ita  loww 

end  being  about  700  feet 
above  the  fiord.  All  of 
the  glacier  is  white, 
considerably  crevassed, 
and  without  moraines. 

Ad9an9€.  Photo* 
gnqiha  fagr  the  Hani- 
man  Expedit&Mi  in  1899 
and  by  Giant,  Paige, 
and  Higgins  in  1905 
and  1909  show  that, 
except  in  one  respect, 
^e  main  featurea  d 
this  ^bcier  have  t»> 
mained  vnchanged. 
There  was  no  appreci- 
able change  from  1899 
to  1905.  but  a  slight 
advance  began  between 
1906  and  1909,  as  noted 
by  Grant  and  ^gr*** 
This  advance  oootimMd 
iq>  to  1010,  particululy 
on  the  north  side.  Al- 
though the  form  of  the  glacier  fnmt  changed  veiy  little  the  advance  was  appredabfe 
in  photographs. 

The  Snow  Fan.  The  most  conspicuous  result  of  this  advance  was  the  increase  in  dis- 
diarge  of  ioe  from  the  front  of  the  f^acier,  yrbkh,  ended  on  audi  a  Bteq>  slope  that  at  the 
tune  «f  ear  vintUodEaol  ioe  weroeoiiitaii%nDuigd^      In  1808  time  waa  ao  annl 

a  dLscharge  of  ic^  blocks  that  no  accumulation  at  the  diff  base  is  visible  in  the  1908  plmto- 
graph;  in  1909  a  great  snow  fan  or  talus  remained  until  the  last  of  June;  in  1910  this 
was  even  larger  and  formed  a  conspicuous  deposit  made  up  of  snow  and  great  blocks  of 
ic  e,  some  10  to  15  feet  in  diameter.  AiMien  we  saw  it  in  July  and  August,  1910,  the  accu- 
mulation was  evidently  made  up  mainly  of  material  that  had  gathered  and  remained 
wimifJted  dming  the  pgevSom  tttmmefa»  for  a  laige  amomtt  of  the  mateiial  between  tihe 
ice  Modes  was  old  anow;  bnt  ioe  blocks  wero  stiH  loDing  down  and  adding  to  tiiedepoat 
Thia  incicaae  in  ice  block  avalanches  is  clear  evidence  of  an  advance,  and  apparently 
lepieae&ta  an  mdy  stage  in  the  devetopmant  of  a  leoonatmcted  glade^;  but  the  depooit 
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was  distnictly  not  of  glacial  character  when  we  saw  it;  it  liad  no  motion  and  was  more 
Ektt  ft  tahu  dqKMit  than  mything  else. 
Jfonww  mid  Outmuh.  A  notoiraclihy  feature,  giving  to  Baker  Glacur  an  intowat 

oat  of  proportion  to  its  present  siw  and  noti\atgr,  ia  tibe  fact  that  in  former  times  it  has 
been  of  greater  size,  descending  the  mountain  slope  and  spreading  out  at  its  base  in  a  bulb, 
almost  exactly  as  the  Vassar  Glacier  in  College  Fiord  does  at  present.  Evidence  of  this 
expansion  is  found  in  the  narrow,  piedmont  coastal  plain  in  front  (Fig.  46).  This  has  a 
totel  width  ol  2000  or  9000  feet  and  is  made  iq>  of  a  compound,  crescentic  moraine,  oat- 
aide  iriiidi  m  iaolaled  atiipa  of  4Nitwadi  gnvdi,  while  on  the  inner  nde  ia  a  amaller 
um  flf  ouhradi  betwetn  the  terminal  mofaine  and  the  foot  of  the  snow  fan.  The  two 
outer  areas  of  outwadi  are  alluvial  fans  1000  and  1400  feet  wide  lying  to  the  li|^t  and 
left  of  the  terminal  moraine,  which  extends  to  the  fiord  between  them. 

The  terminal  moraine  is  spoken  of  as  compound  because  of  the  evidence  of  two  stages 
in  its  building;  but  the  dq>osit  is  essentially  one  continuous  crescentic  mass  of  knobs  and 
lidgea,  hoQows  with  lakes,  and  wndrained  areas.  The  largest  of  the  lakes  is  over  1400 
feet  Ioi«,  bat  aU  of  the  others  are  veiyamalL  The  local  fdief  is  «0  or  t5  feet  Hus  mo- 
raine is  very  atooj  and  in  places  has  no  trees,  but  tiieve  are  many  lidiens.  The  laijger 
part  of  the  outer  morainic  aocnmulation  ia  densely  covered  with  forest.  Near  the  inner 
moraine  are  willows  up  to  29  years  of  age  and  alders  as  much  as  80  years  old.  Farther 
out  are  mature  thickly-set  spruces  and  hemlocks,  including  trees  with  98  to  110  annual 
rings.  The  eastern  side  of  this  outer  moraine  extends  down  to  Uarriman  Fiord,  but  the 
western  side  is  separated  from  the  fiord  by  an  aflnvial  Ian  of  elder  outwash  wiudi  we 
MwiialB  fnth  tin  older  moraine  becanae  of  the  age  ol  the  tnea  and  slinibe  iqion  it. 
Hie  older  ootwaah  Ian  en  the  eastern  side  supports  a  dense  growth  of  gnui*  proiviBg  tliat 
no  facial  streams  now  flow  across  it;  bat  there  is  little  other  vegetatioB. 

The  inner  part  of  tlie  terminal  moraine  extends  in  a  much  narrower  crescent  than  the 
outer.  That  it  was  formed  in  a  relatively  recent  stage  of  activity  of  Baker  Glacier  is 
proved  by  the  fact  that  its  irregular  surface  is  not  thickly  moaa  covered,  as  the  outer 
moraine  k,  and  none  of  tlie  acattered  willows  and  aldera  are  oMire  tlian  17  or  18  years 
dd. 

Outwash  deposits  are  still  being  made,  cm  the  lower  Acfpea  of  the  inner  moraine,  being 
aopplied  with  water  from  the  glacier  and  the  snow  fan.  Seme  of  the  streams  flow  directly 
down  the  mountains  from  the  eastern  edge  of  the  glacier;  but  several,  after  emerging 
from  the  glacier,  flow  down  over  the  rock  wall  for  about  200  feet,  then  disappear  beneath 
the  iipper  edge  of  the  snow  fan,  emerging  at  its  lower  edge.  Two  large  streams  flow  over 
the  inner  area  of  ootwarii  gravels  and  acroas  the  terminal  moraine  hillooka  in  deeply 
«at  gofleya.  Each  of  these  streams  is  also  continaing  the  building  of  the  ooter  alhivial 
ISms;  but  in  oontrast  to  the  older  outwash  described  than,  the  gravels  now  being  de- 
posited have  no  vegetation  upon  thmr  surface. 

Surprise  Glacier — Deacriptwn.  The  Surprise  Glacier  (PI.  CXXXIN  )  has  a  known 
lenj^th  of  over  4  miles,  and  a  widtli  at  the  terminus  of  .S850  feet.  Six  Irihutaries  are 
known  (PL  CXXXV),  but  since  the  grade  is  still  low  at  the  most  westerly'  point  visible 
frona  tiie  fioid,  it  seems  probaUe  that  the  glacier  is  even  longer  and  fay  a  stiU  higcr 
nnmber  ef  tiibvtadea.  Hie  tcrmioal  ioe  diff  ia  m  feet  hi^  in  llie  middle,  and  814 
feet  high  on  the  northern  margin,  while  back  ctf  it  is  a  tenninal  cascade  with  a  slope 
<d  1900  to  8000  feet  to  the  mile»  above  which  the  grade  ilattena.  The  glader  aaifaoe^ 
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which  is  severely  crevassed  from  side  to  side,  is  stained  by  one  rather  strong  medial 
moraine,  while  a  narrow  lateral  moraine  extends  along  the  northern  side,  and  a  broad 
lateral  moraine  along  the  southern  side. 

Retreat.  Between  1899,  when  Gannett  mapped  Surprise  Glacier,  and  our  visit  in  1910, 
the  ice  front  retreated  about  6500  feet  (Fig.  47).    In  1899  the  dark-colored  southern  edge 
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Fio.  47.  Lower  EIndb  or  Scrpbibk,  Catabact.  Dbtachko  and  Bakkb  Glacoebs  in  1910. 


of  the  terminus  just  coalesced  with  the  western  edge  of  Cataract  Glacier '  (PI.  CXXIX, 
A).  In  1910  a  pronounced  cape  projected  forward  a  thousand  feet,  just  north  of  the 
middle  of  the  glacier  front,  and  on  its  southern  side  two  rock  ledges  were  visible 

>  Thu  fact,  shown  both  oo  Gannett's  map  and  the  Harrinian  Expedition  photograph,  must  have  been  over> 
looked  by  Grant  and  Higgins  in  their  statement  that  in  1899  the  two  gladert  were  separated  a  quarter  of 
•  mile. 
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beneath  the  glader,  the  larger  one  bang  about  000  feet  long.  Theie  ledges,  seen  by 

Gfint  and  l^ggbe  in  1900  but  not  in  190ff,  incMtaed  in  enn  fiom  im 

gbcier  ttfmnA  to  be  dwff nding  rteeply  ov»  them,  Thiqy. may  maik  tiie  head  ol  the 

iiord. 

From  this  point  eastward  to  Cataract  (ilaoier  in  1880  the  ioe  auifaoe  WM  lather  flat, 
and  Gilbert  noted  that  it  terminated  in  a  lofty  cliff. 

Barren  Zone.  A  bare  zone,  whose  area  increased  from  1899  to  19(^,  as  noted  by  Grant 
and  Higgins,  extendi  eaatwnrd  on  each  fioocd  wall  as  far  aa  Cataract  Glacier  and  marki 
the  1800  poiilion  of  Smpriae  Giadcr.  Its  upper  booadaij  asoends  rapidly  irestwaid 
and  in  1010  attained  a  width  of  frooi  800  to  500  feet.  Withhi  this  barren  loiie  there  was 
almost  no  v^jetation;  but  there  an  estensive  bare  rock  slopes  on  which  vegetation  will 
start  slowly.  The  presence  of  a  barren  area  150  to  300  feet  wide  above  the  present  sur- 
face of  the  Surprise  Glacier  on  both  sides  .shows  that  during  the  retreat  of  about  IJ 
miles  the  glacier  has  also  diminished  notably  in  width  and  thickness. 

JMmM  Gkuitr.  Detadied  and  Cataract  Glaciers  are  rasrading  tongnes  formedy 
tnbvtariea  of  SwpiiseGlacisr  fiom  file  BOrili  and  south  reqMcti^  Detacbed  Glacier 
descends  from  a  cirque  on  Mt.  Muir.  It  is  about  1|  miles  long,  3500  feet  wide,  and  has 
a  projecting  terminus  about  1200  feet  wide,  which  descends  on  the  fiord  wall  to  within 
a  quarter  of  a  mile  of  the  sea,  terminating  1338  feet  above  sea  level  CFig.  47). 
Several  streams  from  various  points  along  the  terminus  of  Detached  Glacier, 
(PL  CXXXIV  )  descend  the  hord  wail  in  deep-cut  gorges.  In  1910  there  was  a  moderate 
■aed  barren  sane  around  the  tenniaas,  across  iHudi  ioe  fragments  from  the  Racier 
oeeaaionaQy  roDed,  MKng  into  the  aider  tiudkets  and  into  one  of  the  deep  guHiss  beloir. 

Tlie  glacier  changed  very  little^  if  any,  between  1899  and  1910,  and  Gannett 's  map  and 
several  1899  photographs  show  that  it  was  already  detached  from  the  Surprise  Glacier« 
which  at  that  time  extended  down  tlie  fiord  beyond  the  terminus  of  Detached  Glacier. 

Cataract  Glacier — Cascading  Terminus.  Cataract  Glacier,  which  is  a  mile  and  a  half 
long  and  1100  to  1600  feet  wide  (Fig.  47),  diifers  from  Detached  Glacier  in  still 
dHWfmding  tlie  fioid  wall  to  sea  leveL  llik  is  because  it  oceBpies  a  nordieni  dope 
where  melting  is  minimised  and  because  it  has  oonsidenbly  hxget  snowfields  tiian 
Detached  Glacier.  Only  its  cascading  terminus  is  plainly  visible  from  the  fiord  and 
above  its  hanging  valley  lip  we  have  not  studied  it.  At  the  1860  foot  level  a  northern 
lobe  about  1200  feet  in  length  and  300  to  300  feet  in  width  project^s  from  Cataract 
Glacier,  terminating  1254  feet  above  tlie  fiord.  Several  slender  streams,  with  foaoiing 
cascades,  descend  the  fiord  wall  from  this  terminus. 

Cataract  Glacier  is  the  only  cascading  glacier  in  Hairiman  Fiord  ^diich  is  now  activie 
enooi^  to  descend  tiie  fiotd  wall  to  the  sea,  as  so  many  slightly-laiger  cascading  i^aeiefs 
do  in  College  Fiord.  The  glacier  emer^  from  its  hanging  valley  at  about  the  8000 
foot  level,  descends  the  fiord  wall  (PI.  CXXXV)  at  the  rate  of  2850  feet  per  mile  and 
terminates  in  a  vertical  cliff  50  feet  or  more  in  height,  which  rises  out  of  such  shallow 
water  that  there  is  practically  no  undercutting  by  the  sea.  Tiierefore  tlic  i<  <  l)ergs  from 
Cataract  Glacier  are  both  small  and  few  in  numljer.  Most  of  the  glacier  surface  is 
serusely  cwr\Tasicid»buttheeasteniedgeliasalow,  sloping  terminus,  more  or  lees  mantled 
with  ablation  moraine^  orver  idiicfa  it  is  easy  to  walk.  The  end  of  the  glacier  dividee 
over  a  low,  striated,  rock  spur. 

Adsanee,  Cataract  Glacier  was  beginniag  to  advance  in  1810,  alter  having  remained 
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in  about  tlie  sain*  poatioii  ten  18M  to  1900,  as  indicated  by  compaiMon  of  tbo  piioto- 

graphs  by  the  Haxnman  Ezpeditioii  and  by  Grant  and  Higgins.  At  the  wwtem  margin 
the  advancing  ice  was  overriding  shrubs  of  willow  and  alder,  and  there  were  ice  blocks 
sliding  from  tJie  lateral  cliffs  into  the  alders;  but  higher  up  on  the  mountain  slope  the 
Western  margin  of  the  glacier  had  not  yet  overridden  the  whole  of  its  narrow  barren  zone; 
and  there  was  still  a  barren  zone  on  tiie  eastern  side  extending  from  100  to  700  feet  beyond 
the  leader.  At  the  outer  edge  ol  tiiii  beifeB  Mne  le  m  onall  t^taal 

HmmmmGlaei0r-~O0ii0ralI)^  Hairiman  Glacier,  ubieb  is  at  least  0  miles 
long  and  about  a  mile  wide  at  the  terminus,  flows  northeastward  into  tiie  eactreme  south- 
ern end  of  Harriman  Fiord.  Its  whole  surface  is  moderately  crevassed.  and  it  is  quite 
free  from  moraines,  there  being  two  medial  moraines  near  the  southern  side  but  no 
lateral  moraines.  Tlie  terminus  is  a  vertical  cliff  200  to  300  feet  high,  from  which  many 
icebergs  are  discharged.  Six  or  seven  hundred  feet  from  the  middle  of  the  ioe  front 
the  water  is  only  00  fool  deq>. 

Nk$  8k§aM  Shpet,  Harriman  Glader  djgew  from  awet  of  the  othew  in  tfao  Post 
Wdls  region  in  the  nature  of  its  tributaries.  Instead  of  being  fed  by  a  number  ol  ivdl- 
defined  tributaries,  occup>nng  subordinate  valleys  and  eadi  with  a  length  of  sewal 
miles,  it  is  fed  by  a  considerable  numljer  of  rather  short  cascading  tributaries,  from  cirques 
in  peaks  5815  to  8206  feet  high.  Tlie  longest  tributary'  seen  from  Harriman  Fiord  is 
not  over  a  mile  or  two  in  length.  A  great  deal  of  the  ice  is  supplied  from  atvh  fields  be- 
tween these  short  tribntaxies.  Hmso  nM  fields  (PL  CZXXVi)  are  intermediate  be- 
tiresn  the  saowfields  and  the  iee  tongueb  and  around  the  borders  ol  Haxiiman  Glader, 
large  areas  ol  mountain  slope  are  conqileteiy  sheathed  ipith  saeh  n£v^  ioe.  Ohi  the 
sketch  maps  by  Gannett  and  by  Grant  and  Higgins  these  areas  of  nlv6  are  not  sp^ 
cifically  distinguished  from  true  iee  tongues;  and  it  would  indeed  be  impossiUe  tomsp 
them  accurately  without  the  most  detailed  work  in  the  n€y€  area. 

The  phenomenon  of  ice-sheathed  or  n^v6-sheathed  mountain  slopes,  developed  on  a 
large  act3»  in  Haniman  Fiord,  is  «  onimnon  feature  of  AlasWm  giaciation  of  the  present 
timefoundinotiier  areas,  asm  FassageCana^akog  tbe  eastern  aide  ollgrnn  Canal  in 
southeastern  A  la  As,  and  doubtless  in  many  other  localities  where  tibe  snowfall  is  great 
and  the  snow  line  is  rather  low.  If  the  snowfall  should  decrease  slightly  it  seems 
hkely  that  these  n6v6-sheathed  slopes  would  become  bare  and  that  the  short  tributaxiea 
would  shrink  and  become  better-defined,  thougli  smaller,  ice  tongues  than  at  present. 

Retreat.  The  front  of  Harriman  Glacier  has  oscillated  considerably  since  1899  when 
it  was  described  by  Gilbert  and  mapped  by  Gannett.  Previous  to  that  year  there 
seems  to  have  been  some  retreat,  for  Gilbert  observed  that  the  leader  was  not  **cloeely 
approached  by  forest  growth,  but  shrubs  were  seen  on  the  dhore  ol  the  Bord  within  a 
few  hundred  yards  of  the  ice."    This  suggests  a  narrow  barren  zone. 

Grant  and  Higgins  state  that  "photograjjhs  of  the  eastern  side  of  the  front  of  Harri- 
man Glacier  taken  from  Point  H  (Fig.  50)  in  1905  and  1909  show  that  this  side  of  the 
glacier  (eastern)  retreated  approximately  700  feet  between  these  dates.  A  comparison 
of  an  1899  photograph  with  the  above  indicates  that  between  1890  and  1005  the  east  side 
of  the  glader  retreated  about  half  the  above  distance.  As  the  two  photograpka  wan 
not  taken  horn  the  same  point  this  estimate  of  the  retreat  between  1899  and  1005  ie 
only  approximate.  On  the  west  side  of  tlie  ice  front  a  careful  examination  in  1909  of  tie 
^ader  tnm  the  position  of  a  photograph  taken  in  1800  showed  no  noticesble  diffeienes 
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in  the  position  of  the  facial  front.   In  1800  a  coiu^iderable  embayment  existed  in  the 
6«4im  tUid  of  llus  ^i^der,  Irat  WM  iMt 
AdMMOB,  ItieclearthatlhcTOWMiiMteorkaecmtimioiMNtiwtofHM 

during  the  decade  following  its  disoomy;  but  between  1900  and  1910.  an  advance  was 
instituted.  This  was  clearly  shown  on  August  1,  1910,  -when  a  comparison  witli  the 
glacier  front  of  the  Harriman  Expedition  photograph,  alluded  to  by  Grant,  showed  an 
advance  of  tiie  western  margin  of  700  feet  (PI.  CXXXVII),  acx-ompanied  by  great 
thickening  at  tlie  terminus.  The  western  gravel  bar,  shown  in  another  Uarriman 
Eipeditkm  photograph,  upon  iriiidi  the  maii^  of  the  glacier  tamiiiatad  i&  1804^ 
1PM  not  viiible  at  tlie  time  of  oar  yrktt,  wfakh  waa  naar  higlh  tide  Mb  the  18M 
jieluie  was  taken  when  the  tide  was  part  way  out.  On  the  land  near  by,  however, 
we  saw  the  glaciar  advandng  and  deatioiying  akier  by  oveniding  and  by  aliding  down 
of  ice  blocks. 

The  1909  observations  of  Grant  and  Iliggins  make  it  certain  that  the  change  from  re- 
treat to  advance  came  between  1900  and  1910  and  that  the  whole  of  the  700  feet  advance 
jnM  dnring  the  last  year.  Hie  eaatem  maigin  alio  advanced,  ootmng  forward  the  whole 
diataoee  «]iatit  had  letieated  from  1880  to  IMO.  In  1810  it  aeemed  to  be  liightly  be- 
yond the  1880  position  and  there  was  much  thickening  of  the  eastern  tenninus,  whidi 
Gilbert  says  was  "low  and  irregular"  and  rested  on  a  "detrital  bank"  in  1800,  which  was 
not  visible  in  1810.  Hieie  aeema  to  have  been  far  mrae  ioebetg  discharge  in  1910  than 
in  1899. 

In  addition  to  the  advance  and  thickening  of  the  part  of  tJbe  eastern  maighi  on  the 
diotea  of  the  bay,  the  glader  was  advandng  on  the  land.  Annual  plants  in  the  barren 
loae  were  being  bnried  and  a  ridge  of  pmh  moraine  a  foot  or  two  high  lay  at  the  base 
of  a  lofty,  uncrevassed  ice  clifT.  On  August  1,  this  ice  cliff  was  188  feet  from  an  older 
terminal  moraine  which  maiked  the  WMwimnm  of  «  lofmer  advanoe*  doubtkas  beloiie 
1800. 

The  oscillations  of  Harriman  Glacier  during  the  period  of  observation  may  be  summa- 
rized as  follows. 


Daie 

Oscillalum 

Anunini 

Observer 

Bcfoie  Jane  f7, 1808 

Fjtobably  rOkieat 

Gilbert 

Jane  87»  1888,  to  Ang.  80, 1805 

Retreat 

About  850feet 

Grant  and  Paige 

Ang.  £0, 1805,  to  Jnne  89, 1909 

Retreat  continued 

700  feet 

G  rant  and  S^gjna 

June 88, 1800,  to  Aug.  1, 1810 

Advance 

700-1050  feet 

lldbvtin 

Dirty  Glacier.  There  are  a  number  of  smaller  ice  tongues  in  southern  Harriman  Fiord, 
including  one  or  two  in  hanging  valleys  above  Harriman  Glacier  (PI.  CXXXVII),  of 
which  they  are  disconnected  tributaries,  and  eight  or  more  farther  north  in  the  fiord 
which  were  formeriiy  tributaries  of  the  extended  Hainman  GhMier. 

Of  tiMse  ioe  toognas  the  Dhrly  Racier,  on  llie  eastem  side  of  the  fiord,  just  north  of 
Hnniman  dnder  terminus,  is  exceptional  in  having  ablation  moraine  cover  over  a  large 
pr<:qK>rtion  of  the  terminus.  Its  nkvk  fields  coalesce  with  those  of  Harriman  Glacier,  and 
althoui^  it  has  a  steqter  grade  than  the  Harriman  it  contrasts  strongly  with  ndghboring 
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4!MciiHhig  ke  tongues,  like  Roaring  Glacier,  for  it  slopes  at  an  angle  of  odijr  aiMmt  IC*. 
It  ends  100  feet  or  less  above  the  levd  of  the  fioid,  from  wliicli  it  is  sepaiated  bj  an  out- 
wash  grayel  fan,  and  by  a  morainic  area  with  many  small  ponds.  There  was  piactKaibr 
no  change  in  this  glacier  from  1899  to  1910,  but  in  former  times  it  evidently  expanded 
and  formed  a  bulb  glacier,  and  still  earlier  was  tributarj'  to  Harriman  (J lacier. 

Roaring  Glacier.  Boaring  Glacier,  three-fourths  of  a  mile  north  of  Harriman  Glacier, 
«n  the  aorthwastetn  ride  of  1^  tod,  is  spokm  of  by  Gilbert  as  an  ioe  tongue  which 
^'ofwes  the  peeoKarity  snggesting  its  naae  to  an  abrapt  change  of  grade.  IWnn  a  eoB> 
paratively  gentle  dope  it  passes  to  one  so  steep  that  loose  masses  find  no  lodgment,  and 
ns  its  movement  steadily  projects  its  end  beyond  the  pH>int  of  inflection,  fragments  of 
ice  break  away  and  tumUe  down  the  steep  incline  to  gather  in  a  hMp  far  belofir,  wban 
they  lie  until  melted.** 

It  seems  to  have  been  less  active  in  190a  than  in  1899,  for  a  photograph  by  Grant  and 
FSaigeslioiinftatinliOff  then  was  no  heap  of  ioe  fragmenta  below  t^^  but  that. 

«B  In  fbe  case  of  Baker  Glackr  in  the  sanke  year,  there  was  an  sKtenrive  area  of  bare  loek 
bdow  the  terminus. 

Roaring  Glacier  became  more  active  between  1905  and  1910  for  the  barren  zone,  viiuA 
was  free  from  snow  in  August,  1905,  was  partly  covered  in  August,  1910,  by  an  extensive 
snow  and  ice  block  fan,  similar  to  that  of  Baker  Glacier.  This  fan  could  only  have  been 
fonned  by  an  increase  in  activity  of  the  glacier  with  accompanying  aUding  down  of  many 
ioefaloekslNnntfaetenninus,i«bidiiB7QOtolOOOfBelaboivntiietod.  Advance  aeemed 
to  be  stin  gong  OB  in  Angnst,  1010. 

Roaring  Glacier  has  evidently  descended  to  fiofd  level  since  it  became  independent  ef 
Harriman  Glacier,  for  around  the  borders  of  the  snow  fan  there  is  a  creacentic  terminal 
moraine,  the  outer  part  of  which  is  covered  with  shrubs.  It  extends  down  to  the  fiord, 
where  it  makes  a  small  cape;  and  since  it  rises  steeply  from  the  water's  edge,  it  is  e\'ident 
that  the  glacier  reached  tidewater  when  last  expanded.  The  crescentic  character  of  this 
dapodi  dunpi  that  it  was  not  buHt  by  Harriman  Glader,  but  the  knobby  morainic 
topography  does  not  absohite|y  predude  the  poeslbQily  of  its  having  been  binltbiyaB 
avalanche  rather  than  by  a  bulb-shaped  eactension  of  Bearing  CHacier,  thooi^  we  do  not 
think  this  avalanche  origin  likely. 

Wedge  Glacier.  Wedge  Glacier  lies  on  the  eastern  side  of  the  fiord,  opposite  Roaring 
Glacier  (Fig.  50).  Its  general  shape  is  indicated  by  its  name,  forming  a  striking  contrast 
with  ice  tongues,  like  Dirty  Glacier,  that  have  bulb  or  fan-like  termini.  Wedge  Glacier 
ends  in  »  narrow  valley  a  few  hundred  feet  above  the  tod,  and  except  in  detndied  ipeta 
was  covered  wiUi  snow  dear  to  the  end  m  August,  1010. 

Smaller  Glaciers.  Two  unnamed  ice  tongues  north  of  Wedge  Glacier  have  snowfieida 
which  coalesce  with  that  of  Toboggan  Glacier  and  terminate  \  and  }  of  a  mile  re- 
spectively from  the  fiord.  Three  small  ice  tongues  on  tlie  western  side  of  tlie  fiord  l>ctweeu 
Roaring  and  Cataract  Glaciers,  together  with  Roaring  (Ihu-icr,  two  trlacicrs  in  iianging 
valkys  above  the  northwestern  end  of  Harriman  Glacier,  and  several  others,  fail  io  a 
dam  described  fay  Gilbert  He  says,  th^  "occupy  elevated  valleys  to  above  the  main 
tron^  and  these  upland  valleys  probably  ooostitute  n  system  initiated  at  an  eadSer 
epodi,  when  the  fiord  was  flooded  with  ioe  to  a  greater  d^th.    .  No  measure- 

ments were  made,  but  it  is  evident  from  an  inspection  of  photographs  that  the  heights 
«f  such  features  in  this  neighborhood  axe  appnndmatdy  the  same  as  in  the  vicinity  of 
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Setpentiiie  and  Stupiise  'Gliden,  and  it  is  ponible  that  a  number  of 
Mmd  on  both  sid«  ol  the  ikml  ocMifllttnte  with  these  a  go^^ 

Toboggan  CHaeier—The  Ie$  Tongue.   Toboggan  Glacier,  on  the  eastmi  side  ol  Hani- 
man  Fiofdf  nearly  opposite  Serpentine  Glacier,  descends  the  fiord  wall  from  a  snofwfield 

of  unknown  extent,  from  which,  three  miles  to  the  south,  two  smaller  ice  tongues  also 
project.  The  valh y  i)()rtion  of  this  casoatling  glacier  is  about  a  mile  long  and  from  an 
eighth  to  a  quarter  of  a  mile  wide.  Below  the  Up  of  its  hanging  valley  it  has  not  as  steep 
an  ice  cascade  as  the  Cataract  Glacier  and  the  cascading  glaciers  of  Collie  Fiord  have, 
iftfaoagh  it  has  a  slope  avenging  12*  to  14^  steepenmg  to  to  81*  at  the  end.  The 
alawMg  ig  dean.  coneDt  for  a  uMitaine  <d  htnA.  slater  near  the  northern  botdsr. 

and  two  small  V-shaped  areas  of  ablation  moraine  at  the  terminus. 

At  the  terminus  (Fig.  48)  is  a  ledge  of  black  slate  12  to  15  feet  high,  lying  exactly  at  the 
northern  end  of  the  medial  moraine,  and  the  main  glacial  stream  emerges  from  an  ice  cave 
immediately  west  of  this.  The  glacier  partly  covered  this  ledge  in  1910,  sloping  back 
evenly  from  its  top.  West  of  this  ledge  is  a  low  slate  outcrop  beneath  the  terminus  of 
tiie  i^ncia.  One  isolated  motainie  hmmnoeir,  15  or.90  feet  from  the  ^ackr,  and  jut 
weat  of  thes>ieam,atinhadieeinitandwaiBiiMd|yiihimping.  Tlieicatof  theioefenit 
■wwif  d  to  rest  upon  the  edge  of  the  graveb»  nowhere  ondfldlying  them*  and  eanang 
dniq>ing  through  melting. 

The  Outwcuh  Grareit.  In  l!>10,  Toboggan  Glacier  terminated  just  in-side  its  raoimtain 
valley,  a  little  over  a  (juarter  of  a  mile  from  the  fiord  (IGOO  feet),  at  an  elevation  of  about 
feet  above  sea  level.  Between  it  and  the  fiord  was  a  very  symmetrical  outwash 
gwvel  plain,  projecting  into  the  fiend  for  about  an  ei^th  of  a  mile  as  a  ddta.  Abovetiie 
finffMe  of  this  ootwadi  £ni»  ivhich  alopea  at  the  rate  of 870  f ee^ 

of  ledges  of  bare  rode,  and  also  aemal  small,  baiten,  gravel  hillocks  and  one  tree-cohered 
gravel  knob.   Some  of  the  gravel  mounds  are  remnants  of  an  older  dissected  outwash 

plain,  while  others  may  be  remnants  of  older  terminal  moraine  built  when,  as  Grant  and 
Higgins  '  })elieve,  the  glacier  readied  pra(  tically  to  tidewater.  One  large  stream  flows 
over  the  fan  near  the  middle,  and  one  small  one  on  the  extreme  southern  edge.  The 
main  atream  has  shifted  slightly  sinoe  1905.  There  are  also  older  outwash  gravds, 
described  in  a  later  section. 

AdvottM  and  Retreat.  Grant,  Paige,  and  Higgins  visited  Toboggan  Glacier  in  1005 
and  lOOOt  determining  an  advance  of  400  feet  and  then  a  retreat  of  about  650  feet  between 
these  dates.  They  found  tliat  "in  1905  the  center,  or  most  advanced  part  of  the  glaciert 
was  723  feet,  as  determined  by  pacing,  distant  from  tlie  cairn  (at  a,  Fig.  48). 
Just  at  the  extreme  front  of  the  ice  at  this  date  was  a  low  rock  ridge  crossing  the  vall^. 
In  1009  the  most  advanced  part  of  the  glacier  was  £52  feet  farther  back  than  in  1005. 
Himevcr,  in  1900  a  ittAfy  deposited  knr  monune  in  the  northern  half  of  the  phun  in 
front  <tf  the  glader  indicates  that  the  ice  sometime  betweoi  1005  and  1900  had  been  about 
-400  feet  in  ath  anc  e  of  its  position  at  the  earlier  date." 

A  photograph  by  Grant  and  Paige  (PI.  CXXXII,  B)  shows  that  the  glacier  was 
much  more  crevassed  in  100.5  than  in  1910,  and  that  during  its  retreat  the  terminus 
has  narrowed  slightly  on  the  southern  side.  It  was  still  receding  in  July,  1910,  having 
retreated  75  feet  at  the  point  of  Grant's  measurements.   Future  measurements  of  the 

I  BidL  Am.  G««.  Soe- VoL  XLm.  1811.  IcfBod  qI      14  p.  887. 
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ntiMt  of  TblMiguGladerfrfflbelMjHtatedbytlttbU 
end  cf  the  medial  moraine.  A  good  poiiil  ftom  iiliidi  to  meeaine^  in  eeae  ol  advaaoe  of 
tiie  glecier,  is  the  nearest  graywacke  ledge  to  tbe  north  (e,  Fig.  48)  whidi  was  517  feet 
from  the  ice  front  in  1010,  and  is  a  low  roche  nKNitoxiD6e»  beautifuUy  atriafted.  HiMe 
are  other  graywacke  ledges  further  west. 

The  low  moraine  described  by  Grant  seems  to  have  been  destroyed  by  the  ^adai 
itzeamis  between  1900  and  1910. 

Li  front  of  tiw  aoathweatem  portion  of  the  Toboggan  Glacier,  an  area  of  paraM 
foRQiwa  and  minute  ridgea  similar  to  thoae  aeen  by  Gilbert  at  Coluidna  Glacier,  had 
been  exposed  by  melting  since  IMIIf.  They  eitended  norUi  and  south,  disappearing 
under  the  edge  of  the  ice,  and  were  made  of  till  and  outwash  gravel  containing  frag- 
ments of  fine(y-ahredded  wood.  About  70  feet  from  the  ice  front,  and  parallel  to  it,  was 
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gorges. 

a  diminutive  ridge,  6-12  inches  high,  crossing  the  erosion  furrows  nearly  at  right  arnrles. 
It  suggests  either  a  crevasse  depo.sit  or  a  minute  terminal  moraine,  probably  the  former. 

Abandoned  Marginal  Gorges.  In  former  times  Toboggan  Glacier  was  undoubtedly 
a  tributary  of  the  laige  iee  tongoe  of  Haniman  Fioid*  and  at  a  hter  stage,  though  dis- 
connected, it  was  both  looger  and  wider  than  noiw,  as  is  diown  by  the  bamn  none  al^ 
its  bordeis.  On  tiie  eastern  side  of  the  ^aeiw,  outside  this  barren  z<»e,  are  two  aban- 
doned stream  courses  (c  and  d,  Fig.  i8),  occupied  by  marginal  draina;;!:o  at  n  time  when 
the  glacier  was  more  expanded  than  now,  but  later  than  the  period  when  it  extended 
up  to  the  barren  zone. 

Barren  Zone.  A  barren  zone  around  both  the  eastern  and  western  borders  of  Toboggan 
Glacier  bears  sparse  v^etation  whidi  furnishes  evidence  of  two  stages  in  the  history  of 
the  glacier.  Outside  the  banen  aone  is  mature,  dose  set  forest,  with  thick  moss  but 
without  undergrowth,  the  trees,  iriuch  are  ftom  11  to  19  inchea  in  diameter,  probablf 
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bdiigfttktftaoeiitiiiyortiroold.  Tlui^endalangaatiaightlinebitttlMraisiiD  temi^^ 
uoniM  or  line  ol  dead  tm  tnmka  at  tlie  1^ 

Tbe  outer  port  of  the  bonan  woae,  farthest  from  the  ^hcier,  ii  about  100  feet  wide 
ad  bean acaltered  trees  65  to  70  yoanold;  while  tiie  inner  zone,  nearest  the  glacwr,  haa 

only  a  very  few  scattered  shrubs  none  of  them  more  than  20  years  old.  There  is  not 
only  a  difference  in  age  of  trees  but  a  difference  in  the  amount  of  moss  on  the  rocks  in 
the  younger  and  older  parts  of  the  barren  zone.  Parts  of  these  zones  have  morainic 
soil,  parts  are  bare  rock  and  in  places  there  are  small  stony  lateral  moraines  containing 
dead  mod  and  roOa  of  poaty  aoiL 

Gioiniig  upon  tbe  surface  of  the  largest  gravel  knob  in  the  ontwadi  fan  (b.  Fig.  48) 
k  a  dense  thicket  of  aldeiB  19  to  80  years  old  and  some  hemlocks,  of  whidi  tbe  oldest, 
observed  in  1910,  was  72  years  old.  The  deposit  in  this  knob  is,  therefore,  correlated 
irith  the  advance  which  extended  up  to  the  edge  of  the  barren  zone,  as  are  also  (a)  a 
hi^  level  delta  in  the  small  valley  on  the  western  side  of  the  alluvial  fan,  and  (b)  some 
small  mounds  of  gravel  which  may  represent  older  outwush.  The  high  level  delta  which 
itanda  about  50  feet  them  tea  leind,  baa  a  gently-sloping  smfaceaad  wenu  to  have  been 
bmh  into  a  small  marginal  lake  at  tbe  outer  edge  ol  the  barren  aone.  On  its  suifeoe 
are  trees  about  70  years  old  and  it  is  trenched  deepljr  fagr  the  present  atnam  course. 

During  this  period  of  advance  the  glacier  seems  to  have  had  a  pronounced  bulb  ahapa 
and  to  have  extciKled  to  tlie  fiord;  but  the  second  advance  evidently  did  not  go  nearly 
so  far.  Most  of  tlie  main  delta  surface  is  barren,  being  still  occupied  by  shifting  streams, 
in  contrast  with  (a)  the  delta  at  the  end  of  the  eastern  gorge  (d.  Fig.  48)  on  which  grow 
70  year  old  conifers,  and  (Jb)  the  delta  at  the  end  of  the  later  (western)  gorge  (c,  Fig.  48) 
OB  wIdA  m  saw  no  akhn  over  SO  yean  old.  In  the  aone  iphen  this  later  delta  coal- 
eaoea  with  the  praseai  delta  of  Toboggan  Glacier  stnaais  then  iranscatteradtraesesli^ 
mated  to  be  a  century  old,  some  of  them  standing  dead,  some  living  but  in  piooeSB  of 
being  buried  and  killed  by  re<  ent  gravel  deposition.  Two  or  three  conifers  also  grow  at 
aea  level  ou  the  extreme  western  edge  of  tbe  main  delta;  but  none  of  these  appear  to  be 
over  60  or  70  years  old. 

TcfKt  Wnui 

Oenend  HeieripfuMi.  Port  Wdls  (Fig*  40),  eartending  north-northeast  from  Fsasage 

Canal  to  Pt.  Pakenham  at  the  entrance  to  College  Fiord  and  Bany  Arm,  is  15  miles 
long  and  6  miles  wide.  On  the  western  side  are  Pigot  and  Bettels  Bays,  each  about  three 
miles  long,  and  four  sliorter,  subordinate  bays.  The  eastern  wall  is  interrupted  by  two 
small  bays  and  also  by  the  entrance  to  Esther  Passage,  whicli  scj)arat(v-;  Esther  Island 
from  the  mainland.  A  low  rock  rises  above  sea  level  at  all  stages  of  tide  near  the  south- 
eastern ^trance,  to  Bott  Wdb  a  mile  and  a  quarter  off  shore;  but  with  the  exception 
cf  ban  at  the  entranoes  to  College  Fiord  and  Bany  Arm  the  rest  of  the  fiord  is  deep. 
Tbe  fiord  walls  of  the  mainland  rise  steeply,  but  nowhere  so  prec^tousty  as  in  upper 
College  Fiord  and  in  Harriman  Fiord. 

Sr?jaH  Glaciers  of  Port  JVclls.  The  present  glaciers  of  Port  Wells  are  the  Bettels  and 
Pigot  Glaciers,  two  niodorate-sizcd  ice  ton^^ues  each  terminating  a  little  over  a  mile  from 
the  head  of  the  bay  of  the  same  name.  There  are  also  a  number  of  much  smaller  glaciers 
in  the  mountains  to  the  west  of  the  entrance  to  Bany  Arm. 
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A  group  of  three  small  glaciers  on  the  western  side  of  Barry  Arm,  near  its  junction 
with  Port  WeDs,  occupy  fhe  upper  part  ol  a  large  cirque,  the  lianging  valley  lip  of  wludk 

»  appniiiinately  100  feck  abofve 
se*leveL  Hiere  are  itin  smaller 
ice  remnants  on  the  mountaiiis 
tween  Port  Wells  and  Harriman 
Fiord.  The  general  extent  of  all 
these  small  glaciers  was  sketched 
by  Gmil  and  Higgma  in  1009. 

Bettds  Glader.  vAddk  aends  a 
stream  to  Bettds  Bay  (Fig.  50) 
heads  in  the  Mine  snowfields  tdiiek 
feed  Harriman  and  Dirty  Glaciers. 
It  is  about  4  miles  long,  ^  mile 
wide,  and  terminates  about  1} 
miles  southwest  of  the  head  ol 
Battels  Biqr. 

Ffgot  Glacier  (Kg.  M)  heads  is 
cirques  and  snowfields  a4joimng 
those  of  Bettels  Glacier  and  of 
several  small  glaciers  in  Passage 
Canal.  It  is  about  8  miles  long,  | 
mile  wide,  and  ends  about  1^  miles 
from  the  head  of  Pigot  Bay.  It 
had  about  die  ssnie  poaHiQii  vpom 
Applctgste's  map  in  1887,  Glenn's 
ini^  m  I896»  and  Grant  and  Hi^ 
gins*  map  in  1909.  The  glacier 
surface  is  clean,  apparently  little 
crevassed,  and  is  striped  with  four 
prominent  medial  moraines.  A 
good-sized  tributaiy  enten  fkom 
the  east,  another  from  the  nortlK, 
and  another  from  the  south  not 
far  from  the  terminus,  iho  latter 
cascading  down  to  the  main  ice 
tongue,  with  so  steep  a  grade  that 
it  has  the  appearance  of  being  an 
avalandie  iAmbk  the  ice  Is  heaped 
upon  tiie  main  Pigot  Glacier*  al- 
though it  probably  has  no  ava- 
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Fia.  49.  SuBMAKixK  TopoaR/iFHT  of  Pobt  Weixb, 

Sriiindin^'s  in  feet.  Suhmcr^.vl  contOW  intcrfal  SOO  feet 
(Outline  of  cuast  after  Grant  and  Iliggins). 


lanche  relationship.  Near  it  are  four  or  five  small  ice  tongues,  ending  high  on  the 
mountain  slopes  which  were  formerly  tributaries  of  Figot  Glacier.  Nooe  of  these  ^ft- 
ciers  have  ever  been  studied  at  dose  range. 
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Gl,\cial  Erosion 

Glacial  Erosion  above  Sea  Level — General.  The  evndence  of  intense  glacial  erosion  in 
Harriman  Fiord,  Barry  Arm,  and  Port  Wells,  is  plainly  visible  alwve  sea  level  and  clearly 
indicated  by  soundings.  Throughout  the  fiords,  glacial  striae,  conforming  in  direction 
to  the  different  trends  of  the  fiords,  and  roches  moutonnfies  are  present  upon  bare  rock 
ledges  near  sea  level,  being  espedaUy  mil  shown  in  the  bamn  sones.  These  features 
pnnne  deariy  that  anoeston  of  the  present  ^aoen  completely  occupied  the  fiotda,  and 
SUggiet  the  probability  that  the  fiords  were  given  their  present  straight  courses,  flunple 
outlines,  and  steepcne<l  lower  slopes  by  ice  erosion  without  sinking  of  the  land. 

The  extreme  lieight  of  glaciation  in  Harriman  Fiord  and  Port  Wells  was  estimated 
by  Gilbert  to  be  4000  feet  or  more,  on  the  basis  of  the  "cordon  of  high  hanging  valleys'* 
surrounding  Harriman  Fiord.  "Above  Barrj-,  Serpentine  and  Surprise  glaciers  they 
eontain  hanging  glaeien  at  a  general  height  ii  abont  4000  feet,  and  east  of  Harriman 
Caacier  their  lee  banks  coalesce  m  a  copthmous  tewee  along  the  valley  wall.  Thesur- 
Uce  of  the  trunk  glacier  to  which  they  araaiQuBted  prabablyliv  5000  feet  aboT^ 
aea  level. " 

Tiie  evidence  from  sea  level  indicates  that  the  2900  foot  hill  back  of  Pt.  Doran  was  com- 
pletely overridden,  for  the  summit  and  sIoikjs  are  rounded,  and  the  cliffs  are  all  of  such 
small  size  aa  might  readily  be  made  by  glacial  plucking  or  by  post-glacial  weathering. 
ThesanteistRieof  the  sananitef  Bather  Island  east  of  PoftWeOi.  Ttaw  is  a  general 
raiinded  qppeaianoe  to  an  the  bare  sunnHs  tlumighovt  Hanim^ 
below  5000  feet,  cscept  near  the  present  glacien  when  then  are  many  dniues  separated 
bgr  neaww  arfttes  and  sharpened  peaks. 

PltuJdng  and  Overtttepening.  Some  of  the  lower  slopes  have  Ix^en  steepened  to  preci- 
pices. There  are  many  illustrations  of  steepened  slopes  in  Harriman  Fiord  and  Barry 
Arm.  Oversteepening  of  the  lower  slopes  of  the  fiord  wall  between  Baker  and  Detached 
Giaeifln  noently  caused  a  great  avalandie. 

Beeaose  of  tlte  steepness  cf  the  dopes  and  the  oonscqoent  absenoe  of  soil,  many  areas 
of  bare  rock  on  the  fiord  walls  are  as  yet  wiUiout  vegetation  excepting  in  joints  and 
hollows.  This  condition  is  well  flbftrated  on  the  south  shoie  ef  the  inlet  leading  to  Sur- 
prise Glacier  where  the  roches  moutonn^es,  glacial  grooves,  and  striae  are  still  well 
preserved.  Many  of  the  beautiful  waterfalls  in  Harriman  Fiord  and  Barr>'  Arm,  as  along 
the  coast  l>etween  Pt.  Doran  and  Toboggan  Glacier,  cascade  down  bare  rock  slopes  made 
SBMMtii  by  glacial  erosion.  The  bare  knob  at  the  extreme  southeastern  fimit  of  liw 
banren  aooe  on  the  eastern  side  of  Bany  Arm  shows  the  todies  moutonntes  form  veiy 
wefl  indeed. 

Asymetrical  Fiord  Walls.  Pt.  Doran  is  a  gently  sloping  spur  which  contrasts  with 
the  much  overstecpened  opposite  sloi>e  below  M\.  Curtis,  because  the  united  Barry- 
Harriman  Fiord  Glacier  flowed  faster  and  eroded  more  efficiently  on  the  ea.stern  side  of 
this  curve.  That  it  did  not  fail  to  erode  the  hill  behind  Pt.  Doran  abo  is  proved  by  the 
fact  that  aD  rode  ledges  not  covered  with  soil  or  moss  are  rounded  knobs  with  striae 
nad  grooves,  »  good  eianiple  of  whidi  is  seen  in  the  great,  ovedmnging  glacial  groove 
shown  in  PL  CXXXVUl. 

The  eastern  and  western  sides  of  P<Nrt  Wdlslorm  a  striking  contrast,  the  former  having 
n  mnrked^y  overstecpened  lower  slop^  rinog  up  to  a  distinct  shoulder,  while  the  western 
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aide  hat  long  doping  apon  not  tnmoted  txceptiag  at  the  tip,  nor  wwaieepcned  ao  mneh 
as  Ihe  easton  dde.  Hut  mif^t  potnbly  be  ftiplainecl  by  a  diffeienoe  in  the  lod^^  iw 
part  of  the  eastern  shore  is  granite,  wliile  the  western  coast  is  all  slate  and  graywackc, 

were  it  not  for  the  fact  that  southern  Esther  Island  and  the  coast  north  of  Esther  Pas- 
sage, on  the  eastern  shore,  are  made  up  of  slate  and  graywacke,  and  yet  these  parts  are 
nearly  as  much  oversteepened  as  the  granite  coast.  The  probable  explanation  is  that 
there  has  been  differential  glacial  eroflion  on  the  opposite  sides  ot  the  fiord,  the  former 
Ftat  Welb  Glacier  probably  hugging  tlie  eastern  dioM  bacaiM 
frani  tibe  oppoeite  nde» 

Cirques  and  Hanging  VaB§g§,  Another  evidenoe  of  profound  glacial  erosion  comes 
from  the  cirques  and  hanging  valleys,  of  which  there  are  many.  There  is  a  well-developed 
hanging  valle\',  for  example,  on  the  western  side  of  Barry-  Arm,  about  a  mile  south  of 
Cascade  Glacier  (PI.  CXXXIX) .  The  upper  part  of  this  valley  is  still  occupied  by  a  small 
glacier  from  which  a  stream  descends  to  the  fiord,  first  with  a  moderate  grade,  then  pre- 
cqntoody  over  the  lq>  of  the  hanging  valley  whicii  lies  brtween  lOOO  and  1100  feet  aboive 
sea  leveL  The  stream  cascades  down  to  Bany  Ann  in  a  large  waterfall  and  a  filmy 
bridal-veil  fall,  plimging  nearly  500  feet  in  one  vertical  cascade  and  altogether  descend- 
ing 1050  feet  with  horizontal  flow  of  less  than  500  feet.  This  hanging  valley  has  only 
recently  been  revealwl  and  the  cascades  existed  only  a  few  years,  for  in  1898  the  Bany 
Glacier  extended  up  to  tlie  lip  of  the  lianging  valley.  The  hanging  condition  was  partly 
revealed  in  1899  but  not  fully  until  some  time  between  1905  and  190b  when  the  terminus 
of  Bany  Glacier  had  retreated  northeast  of  the  site  of  the  waterfall  so  that  the  ftdl 
heiglit  of  the  haqgiiig  vaUey  above  sea  levd  was  exposed. 

Beddes  tiiis  typical  hanging  valley  there  are  many  others,  of  wfaidi  tliose  oontaiimig 
Cascade,  Cataract  and  Toboggan  Glaciers,  and  the  small  ice  tongues  southeast  of  Barty 
Glacier  may  be  cited  as  examples.  There  are  also  many  cirques  from  which  the  ice  is 
completely  melted*  as  between  Cascade  and  Seipentine  Glaciers,  and  on  the  slopes  ol 
Mt.  Mulr. 

Glacial  Erotion  hdow  SeaLevd  Ltmifihdinal  qf  Fiaii$.  Hie  depth  of  water 

at  the  fronts  of  the  tidal  ghuaen  (Bany  480  feet.  Surprise  854  feet.  Cataract  IffO  feet, 
Harriman  00  feet,  Serpentine  51  feet)  proves  that  these  ice  toogoes  are  aO  resting  oo  Ike 

bottom  of  the  fiord  and  are  therefore  still  engaged  in  eroding  it. 

"Within  Harriman  Fiord  the  depth  of  water  varies  from  90  to  510  feet  (Fig.  50),  and 
the  longitudinal  profiles  are  undulating,  due  either  to  glacial  basining  or  to  complica- 
tion of  glacial  deposits,  a  point  discussed  below.  The  fiord  bottom  slope,  from  PL 
Doran  to  Pt.  Pakenham,  increasing  evenly  in  dq>th  from  414  to  570  feet,  averages  38 
feet  to  tiie  vuh,  and  this  slope  is  not  infteRiq>ted  bj  basins  due  to  erosion,  or  faj  note 
wortiby  submerged  ^adal  dspomU, 

At  PL  Pakenliam  where  the  fiord  is  shallowed  locally  by  what  is  interpreted  as  a  sub- 
merged moraine,  the  depth  increases  suddenly  from  576  to  930  feet  (PI,  CXLI).  As  this 
is  at  the  junction  of  Barr\'  Ann  and  College  Fiord  we  infer  that  the  former  expanded 
Port  Wells  glacier,  wliieh  was  fed  from  these  inlets,  was  able  to  erode  more  eflBciently 
than  either  the  smaller  iiarry  Arm  or  the  College  Fiord  glaciers,  but  as  they  were  sub- 
equal  u&  sise  they  have  produced  a  confluenoe  step  at  the  north  end  of  Pott  Wcfls. 
Hie  longitudinal  profile  is  interrapted  Iqr  a  step  at  the  month  of  eedi  Ikird.  bvcvevci^ 

•  See  geological  map  by  Gnat  sad  BlHiaa  VL  U,  BdL       U.  8.  GsoL  Gaxvey,  ISM. 
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becaow  of  ioenaae  in  facial  etoeion  bj  fho  miHed  Ba^ 

Thew  submerged  stepa  ai»  apparently  the  same  as  the  rock  treads  produced  by  dif- 
ferential facial  esosion  on  the  land.  The  lip  of  the  submerged  tread  oi  the  Bany  Ann 
step  is  354  feet  higher  than  the  bottom  of  Port  Wells;  but  if  the  ridga  inteipreted  as  n 
submerged  moraine  is  added  the  discordance  is  570  feet  in  all. 

The  next  three  soundings  in  Port  Wells,  a  mile  apart,  show  depths  of  1098  to  1205 
feet  (Fig.  49) ;  and  the  following  seven  soundings*  two  miles  apart,  show  depths  of  1296 
to  1404  feet  Hie  bottom  slope  of  Ftot  WeUs,  therefore,  averages  £8  feet  to  the  oik, 
beinff  a  IKtlo  flatter  than  the  bottom  dope  of  Bany  Arm  (PL  CXL)  above  the  step. 

CrotS'Sedions  of  Fiords.  The  cross-sections  of  southem  Port  Wells  and  outer  Passage 
Canal  show  a  fiord  bottom  1400  feet  deep  and  between  two  and  three  miles  wide,  bordered 
by  sides  sloping  1000  to  1200  feet  to  the  mile.  Such  a  cross-section  is  characteristic  of 
a  glacially-eroded  fiord,  and  is  repeated  in  narrower  sections  throughout  Port  Wells, 
Bany  Arm,  and  llarriman  Fiord. 

8tAmtr§ti  Bcmging  V alley t.  Pigot  Bay  ii  *  lubmfltged  haagmg  valley  (Fig.  49) » 
with  water  880  to  408  feet  deep,  and  with  the  Hp  1088  feet  above  the  fined  bottoou 
Betfeds  Bay  and  the  small  indentations  on  the  western  side  Ot  Pott  Wcfla  mij  be  pl^ 
sumed  to  have  a  similar  discordant  rdationship  though  no  soundings  were  made.  The 
indentation  south  of  Bettcls  Bay  is  barred  at  the  mouth  by  rock  islands,  and  if  the 
channels  between  are  shallow,  as  is  probable^  tlie  discordance  of  grade  here  is  over  1300 
feet.  Submerged  hanging  valleys  are  also  suspected  in  the  coves  on  tlie  eastern  side  of 
Poet  Wdb  aovth of  Esther  FlMMgei  This  paiaage  itadf  has* hanging  relatkuuhq>  to 
Fort  Wdla»  the  water  being  66  feet  deep  at  its  entranoe,  while  the  main  Port  WcOs 
fiord  is  IfOO  feet  decp^ 

A  large  valley  on  the  eastern  side  of  Barry  Arm  joins  the  fiord  at  sea  levd,  and  if  there 
are  rock  ledges  near  the  moutli  it  hangs  over  600  feet  above  the  fiord  bottom. 

The  deposits  near  the  mouth  of  Surprise  Glacier  inlet  make  it  impossible  to  determine 
tile  erosion  relationship  of  Surprise  and  Uarriman  Glaciers;  but,  though  this  cannot  be 
stated  positively,  it  seems  probable  from  the  existing  depths  that  the  inlet  of  Sutpiise 
Gkder  haqgs  160  feet  or  more  aboive  that  of  Vmmauat  Gleeier.  However,  the  oove  in 
which  Serpsntine  Glader  tenninates,  is  dearly  a  snhmegged  hanging  vallqr,  the  depth 
of  water  being  12  to  51  feet  near  the  glacier  front,  and  474  feet  in  the  fiord  opposite*  SO 
that  the  total  amonnt  of  disoordanoe  is  at  least  423  feet  (Fig.  60). 

Glacbb  Dxpoem  nr  H*wmf*w  Feobd  jmd  Post  Whxa 

PiBitly  as  a  lesidt  of  the  stoepnass  of  the  fiord  walls,  the  glacial  deposits  m  those 
are  not  extensive.  Thsy  indude  a  veneer  of  gro«ad  moraine  on  all  bnt  the  steeper  slopes* 
small  belts  of  lateral  moraine  on  the  fiord  wallsi  some  aveaa  of  outwash  plain,  and  some 
terminal  moraines  above  and  below  sea  level. 

Moraine.  The  areas  of  ground  moraine  call  for  no  particular  description.  They  con- 
sist of  till  and  bowlders  of  various  sorts,  including  rock  carried  out  from  the  mountains 
and  not  present  in  the  country  rock  of  the  region  near  where  they  lie.  There  are  doubt- 
leas  deposits  of  similar  mateiial  and  of  fine  silts  bsknr  sea  level  in  the  fiords,  but  of  the 
■ntove  and  distributioD  of  these  nothing  is  knofWB. 

llie  latersl  mosames  are  eipedally  weU  developed  near  some  of  the  edsting  glacien^ 
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forming  pronounced,  Mnr-toolli  lidgM  at  fbe  bocden  of  aevtal  of  fhe  banw  aonei^  m 

already  described. 

The  only  well  defined  moraines  above  sea  level  recognized  in  this  region  are  the  cres- 
centic  moraines  in  front  of  Baker  and  Roaring  Glaciers  and  fragments  of  terminal  moraine 
in  front  of  Seipentine  (Fig.  45)  and  Bany  Gladeis  (PI.  CXL).  A  valley  on  the  eastern 
aide  of  Barry  Arm  contains  Lake  Cecelia,  irfkidk  Mendenliall  deacribed  in  1898>  aa 
hdd  in  by  "a  low  morainic  ridge"  whidi  "may  be  tbe  tenninal  of  the  glacier  wnr  in 
retreat  at  the  head  of  the  valley,  or  may  be  a  lateral  left  by  a  tributary  ice  stream 
which  enters  from  the  east. "  In  other  places  the  terminal  moraines  either  have  been  cut 
away  by  streams  or  were  not  built  because  the  glaciers  terminated  in  the  sea,  or  weie 
retreating  rapidly. 

OuhKuk.  The  areas  of  outwash  plain  have  abeady  been  described,  the  one  in  front  of 
Toboggan  Glacier  (Fig.  4B)  being  the  laigest  There  are  shniUr  anas  near  the  SefpeoftiBa 
and  Baker  Glaciers,  on  the  western  side  of  the  terminal  momine  irbiA  was  being 
built  by  Bany  Gbeier  in  18M-M,  and  in  front  of  Dirty,  Ftgot,  Bellds,  and  aevcral  of 

the  smaller  ice  tongues. 

Submerged  Moraines.  Of  the  terminal  moraines  below  sea  level  the  most  conspicuous 
ooe  is  a  continuation  of  one  on  the  land.  It  occupies  the  position  of  Barr>'  Glacier  in 
1S86  and  1809,  has  a  roughly  crescentic  form  (Pi.  CXL)  and  rises  to  sea  level  in  three 
localities.  At  all  other  points  it  lies  withm  from  96  to  8M  feet  of  the  soifaoeb  inA 
deeper  water  on  both  the  inner  and  outer  aides.  Oppodte  Pt  Doasn,  where  tibis  tenai- 
nal  moraine  rises  to  the  level  of  the  sea,  moderate-sised  banks  occur  at  low  tide,  the  one 
nearest  the  point  being  about  1200  feet  long,  and  made  of  till  and  bowlders.  It  is  covered 
at  half  tide.  Besides  these  three  banks  there  is  a  shoal  in  the  middle  of  Harriman 
Fiord,  where  the  water  is  only  18  feet  deep  at  low  tide;  and  near  the  large  isolated 
iee  maaa,  on  the  western  side  of  Bany  Arm,  a  projecting  peninsula  1800  feet  long  is 
caqMsedatlowtide^oontinningthebeHof temmialnioiaineaboveseal^^  TheBnny 
Aim  p<»tion  of  this  crescentic  moraine  noiriiere  nses  to  sea  level,  the  water  upon  it  being 
120  to  234  feet  deep.  Between  this  submerged  terminal  monune  and  the  front  of  Bany 
Glacier,  the  water  increa«»es  rapidly  in  depth,  being  426  feet  deep  half  a  mile  from  the  ice 
front,  and  increasing  in  depth  at  about  the  same  rate  westward  up  Harriman  Fiord  and 
southward  down  Barry  Arm. 

The  submerged  continuation  of  the  terminal  moraine  of  Seipentine  Glacier  is  akawn 
inFig.45.  It  is  a  rocky  bar,  practically  all  exposed  at  low  tide^  and  rising  S9  feet  or  neon 
above  the  bottom  of  the  cove  in  which  the  glacier  now  ends. 

Another  shoal  area  in  Harriman  Fiord,  which  might  be  interpreted  dther  as  terminnl 
moraine  below  sea  level  or  as  rock-swell  due  to  differential  glacial  erosion,  is  at  the  junctioai 
of  the  inlets  which  lead  to  Suri)rise  and  Harriman  Glaciers  (Fig.  50).  Here  there  is  an 
irregularity  of  the  fiord  bottom  rising  nearly  300  feet  above  the  bottom  of  the  fiord  to 
the  south,  the  crest  of  it  being  90  feet  below  sea  level  in  mid-fiord.  If  morainic,  it  was 
bdh  by  Hairiman  Glacier  at  a  time  when  it  cKtended  6  mileB  farther  north.  leebetga 
strand  upon  this  shoal  more  than  \  mile  offshore  on  the  western  side  of  the  fiord,  sug- 
gesting a  moraine  bar  here. 

North  of  thia,  opposite  Baker  Glacier,  the  water  is  120  to  174  feet  in  depth,  being 

*  lIMaaU  W.  C,  iOth  Abo.  BepU  U.  &  G«d.  Sorvcgr,  Put  TD;  im  ».  m 


I 

Digitized  by  Google 


GLACIERS  OF  HABBTMAN  FIOBD  AND  POBT  WELLS  M5 


tker«fore  AaSknnr 

than  IS  normal  in  the 
fiord.    The  association 
of  this  shoal  with  a 
broad  point  between 
Baker  and  Detached 
Glaeiers  (Fig.  47), 
irbSA  piQfects  IIM 
feet  into  the  fiord  and 
has  morainic  topogra- 
phy, suggests  a  cres- 
centic  moraine  built 
here  by  the  Serpentine 
Glacier.   The  water 
deepens  fapidly  tot58 
feet  west  of  thii  dydhnr 
area,  and  to  282  feet 
east  of  it.  Our  sound- 
ings are  not  detailed 
enough  to  determine 
niietlMr  or  not  these 
to  and  UO  foot  ineg- 


continuoiu  submerged 
moraine  built  by  the 
formerly  coalescing 
HwTunan  and  Surprise 
or  indeed  to 
dusively  that 
they  are  moraines 
rather  than  irregular- 
ities of  the  fiord  bot- 
tom due  to  differential 
erosion. 

At  the  northern  end 
(FL  CXLI)  of  Port 
Wefls  there  are  several 
sets  of  shoals  which  aie 
best  interpreted  a  s 
submerged  terminal 
moraines,  or  moraine 
hars,  of  the  sort  seen 
in  Unalcwik  Inlet,  but 
wMi  less  of  their  kogtii 
ezpoaed  at  low  tide. 
They  span  the  mouths 
of  Bany  Arm  and 
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Fig.  50.   Submarine  Topographt  or  Harrimav  Fiord. 
Soundings  in  /eet.    Submerged  contour  interval  £00  feet.  JPliotoeiapliM: 
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College  Fiord  at  Point  Fakeoham,  wbxxe  these  fiords  unite  to  make  Port  Wells.  Th» 
one  at  the  mouth  of  Bany  Ann  has  854  feet  of  water  in  nud-fiord  but  rises  222  feet 
higher  than  the  boUom  a  mile  farther  up  the  fiord.  Its  ends  are  marked  by  spits 
running  out  from  eacli  slxore  J  und  miles  respectively,  wliere  alongshore  currents 
could  not  possibly  have  built  spits  without  a  shallow  foundation,  such  as  a  moraine  to 
guide  thiOi.  Th^  are,  monover,  compoeed  of  moninic  material  too  laige  to  bsve 
been  canned  and  built  in  this  ipedaliaed  form  fagr  aiqrtliing  bat  ioe.  Tlie  one  on  the 
western  shore  is  double,  suggesting  two  halts  of  the  eipanded  glacier. 

The  southernmost  of  the  two  submerged  moraines  at  the  entrance  to  College  Fiord  has 
276  feet  of  water  in  mid-fiord,  rising  90  feet  above  the  fiord  bottom  half  a  mile  to  the 
north  and  450  feet  above  that  to  the  south.  Its  \nsible  portion  consists  of  a  moraine  bar 
extending  a  mile  and  three-eighths  from  Pt.  Pakenham  on  the  west;  but  there  does  not 
seem  to  be  any  similar  bar  extending  cot  from  the  eaiUm  ihoce.  The  material  in  the 
wettan  bar  indodee  ooane  angular  bowlden,  and  tibe  part  nearer 
of  large  trees. 

A  mile  and  a  quarter  north  of  this  is  another  submerged  bar  lying  at  a  d^th  of  less 
than  294  feet.  It  rises  approximately  50  and  70  feet  above  the  fiord  bottom  to  the  north 
and  south  and  has  a  point  visible  at  low  tide,  extending  out  toward  it  from  eitho* 
shore. 

TkutBt  three  fobniMged  bars,  interpieted  aa  morainea,  aeem  to  have  been  baUt  jvat 
alter  the  PSort  Welle  Glacier  had  retreated  ht  enongli  to  aepaiate  the  Bany  Ant  uad 
Collage  Fiord  ioe  tongues;  and  the  double  diaraeter  in  each  ease  snggests  eMier  two 

halts  or  a  readvance. 

A  moraine  similar  to  these  is  possibly  being  built  at  the  present  terminus  of  Uarrim&n 
Glacier,  for: —  (a)  there  arc  no  rcxk  ledges  exposed,  as  at  Surprise  Glacier,  to  suggest 
that  the  head  of  the  iiord  has  been  reached;  (b)  a  partial  shoal  fronted  the  terminus  of 
the  leader  in  1809;  and  (c)  six  or  seven  hnndied  feet  from  the  ioe  diff  of  1810^  after 
TOOtolOM  leetof  advanoa*  the  waterinw  only  00  feet  deqt^  in  striking  oonliaat  to  tlie 
dflfkth  near  the  front  of  other  large  tidal  glaciers  in  Prince  THlliani  Sound.  CHadal  ataenma 
as  vdl  as  ioe  bonie  detritus,  are  doubtlees  oontributing  to  it. 


The  vegetation  in  Ftet  Wdls,  Bany  Arm.  and  Harriman  Fiord  foBUflbes  mndi  evi- 
dence of  the  recent  histocy  of  the  nffoa.  Tliere  is  thick  coniierous  forsst  on  the  loapor 

dopes  of  Port  Wdls  and  Bany  Arm  up  to  Pt  Doran.  Above  the  barren  zone  <rf  Bai^ 

Glacier  it  extends  continuously  up  to  Cascade  and  Coxe  Glaciers;  and,  even  beyond  these 
cascading  glaciers,  vegetation  extends  for  a  short  distance,  the  alder  thickets  extending 
farther  than  the  spruce  and  lu-inhx-k.  liarren  zones  around  Serpentine,  Surprise,  and 
Toboggan  Glaciers  also  interrupt  tlie  continuity  ol  the  coniferous  forest,  which  extends 
southward  to  Baker  Glacier  on  the  iiesten  side  of  HaifimanFioed.  These  is  one  anaeD 
dump  of  ooniferi  between  Baker  and  Detached  GladersdOO  or  700  feet  above  aealevtel, 
west  of  wfaidl  alder  thickets  extend  to  Surprise  Glacier  on  the  northern  shore  of  thnfc 
inlet.  Alders  grow  between  Surprise  and  Cataract  Glaciers  on  the  southern  side  of  Sur- 
prise Inlet,  and  alders  and  two  stunted  spruces  are  found  between  Cataract  Glacier  and 
Harriman  Piord.  The  eastern  side  of  Harriman  Fiord  has  thick  ipruce  and  hemlock 


JlmumfnuEM  or  VmamtATaxK  to  Glacial  Hbtobt 


GIACIEBS  OF  HARBIMAN  FIOED  AND  PORT  WELLS  847 


lonit  faom  PL  Doran  to  Wedge  Glader  end  aUer  thickets  eztoid  to  Harriman  Glacier, 
coniiMUiig  with  the  weeteni  side  irindk  h«a  alder  thickets  between  Supme  Inlet  and 
tfte  heed  tiioii^  only  one  TBiyetaiiledsproce  was  seen. 

Tlie  presence  d  thick  forest  nearly  at  sea  level  on  Point  Doran,  with  trees  possibly  over 
a  century  of  age,  shows  that  Barn'  Glacier  has  not  overridden  this  point  for  at  least  100 
years,  as  Gilbert  pointed  out;  and  it  seenis  probable  that  since  it  ceased  to  coalesce  with 
Harriman  Glacier,  Bany  Glacier  has  never  reached  Point  Doran  and  dammed  Harriman 
Kord  into  a  lake;  for  there  are  neither  devated  shorelines  nor  deltas  along  its  marfpni. 
BkeepUng  in  souUicrn  Haniman  Floid  tlie  forest  is  mature  and  yngoanm,  and  then  are 
fewer  open  ^ades  in  flue  coniferous  forest  of  Harriman  Fiord  than  near  Cdnmbia  CSacier. 
The  ddest  tree  wlMie age  w«  determined  was  Hi  inches  in  diameter  and  had  225  annual 
dags*  Muir,  however,  found  one  hemlock  in  1899  '  only  time  inches  in  diameter  which 
had  attained  325  years.  We  found  trees  in  Harriman  Fiord  in  1910  which  judging  by 
their  diameters,  must  have  been  even  older  than  that  noted  by  Muir.  Femow  observed 
in  mo '  that  logs  in  Prince  William  Sound  diowed  the  following  rdationships  of  diameter 
to  age: 

"SO  anmial  fingi,  11  indies 
72      "  Htol5inciiea 
80      "       "  20  inches 
125       *       "  22  inches.** 

This  vegetation  proves  dearly  that  these  fiords  have  not  been  occupied  by  brimming 
ice  streams  sbice  at  least  the  sixteenth  centuiy.  Gilbert  stated  in  1809  that  "the  oon- 
<fition  el  ertreme  Variation  .  .  .  does  not  belong  to  the  series  of  modem  diangea. 
«  .  •  Were  it  of  comparatively  recent  date  the  fiord  would  now  be  destitute  ol 
trees,  but  such  is  not  the  fact.  It  is  true  that  the  dopes  are  bare  in  the  immediate  vidnity 
of  the  glaciers,  and  that  the  valley  walls  enclosing  the  greater  glaciers  .  .  .  support 
no  trees,  but  tlie  lower  parts  of  the  fiord  walls  .ire  elsewhere  covered  by  a  hemlock  forest. 

As  to  the  proper  interpretation  of  the  pecuharities  of  forest  distribution  the  case  is 
nol  altogether  dear.  In  other  tocaKties  there  has  mcfwd  good  roaron  to  ascribe  absence 
cf  f orcft  to  reoent  occupation  by  ioe^  but  here  Hiere  is  n  sort  of  transition  foom  forest  to 
barren  wludi  suggests  dunatic  limitation.  In  the  sone  of  transition  the  trees  are  not 
young  and  \ngorous,  as  when  invading  newly-acquired  territory,  but  scrawny  and  ill- 
favored,  as  though  struggling  desperatdy  against  the  attack  of  hostile  conditions.  In 
an  illustration,  representing  the  edge  of  the  forest  nearest  to  Harriman  Glacier,  the  rare- 
ness of  branches  on  the  side  toward  the  water  suggests  that  winter  fogs  driven  landward 
ovcrwlMfan  Ibe  boQi^  with  loads  of  ice. " 

Roen  tins  and  ttouk  our  own  obaervatiflns  wo  are  convinced  tiiat  tiie  presence  or  ab- 
seoce  of  trees  and  their  size  are  nol  absdote  criteria  for  use  indiscriminately  in  inter- 
preting glacial  historj'  where  human  records  are  lacking.  That  the  rate  of  tree  growth 
varies  greatly  under  climatic,  soil,  and  drainage  conditions  in  this  region  is  shown  by 
the  great  variations  in  the  relation  between  diameter  and  number  of  annual  rings  already 
quoted,  and  by  the  following  record  of  a  spruce  found  near  Baker  Glacier  in  1910. 
line  last  ten  yaais  of  growtb  were  ver>'  rapid,  as  diown  by  Hie  annud  rings,  theprevioos' 
tan  were  veiy  slow  indeed,  and  the  first  75  years  were  rapid.  With  evidenoa  of  decades  of 

a  Ifdii;  J<fa^  BniiM  AlMkft  l^edMoD,  Td.  t  im  p. 
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letaidation  such  M  tills,  it  M,  of  ooun^  not  safe  to  «t^^ 

alone.   The  trees  must  be  cut  down  and  the  rings  counted. 

The  absence  of  trees  in  southern  Harriman  Fiord,  bringing  up  the  possibility  of  leeeot 
expansion  of  Harriman  Glacier,  may  be  due  to  the  fact  that  conifers  are  not  always  seeded 
at  once  after  a  glacier  retreats,  while  alders  and  willows  may  start  sooner.  Accordingly 
the  length  of  time  since  retreating  glaciers  have  uncovered  a  tract,  as  determiiied  by 
vegetation*  ahoold  alwiiTi  be  vqgMdod  m  ft  mbiiBiiim.  In  ihit  am  of  liie  btttcn  aoae- 
anNDid  Bttiy  Glader,  honrever,  we  differ  from  Grant  and  Higgint  who  believte  that  tlie 
advance  to  its  outer  limit  was  probably  25  years  or  more  ago.'  We  have  direct  evidenoe- 
that  seeding  did  take  place  there  at  once,  for  in  the  field  we  first  determined,  by  ages  of 
trees  that  the  last  advance  was  at  least  1 1  years  before  (1899  or  earlier),  and  subsequently 
after  reaching  home,  found  the  records  of  the  army  officers  who  witnessed  the  activity 
in  May,  1898,  exactly  li  years  before.  This  advance  ceased  during  that  year,  however,, 
and  tiiere  was  oooiUetaUe  SMlting  befbra  Jmie,  1800,  so  that  wiUowa  and  aiders  were 
abfe  to  start  OB  the  abandoned  lateral  nioiaines  and  in  tiie  edges  of  tiio  banw 
the  summer  of  1800.  Thus  thsgr  were  eleven  yean  old  in  1910.  Similar  immediate  oc- 
cupation by  vegetation  was  found  to  have  occurred  on  the  elevated  beaches  in  Yakutat 
Bay,  where,  as  in  the  Barn,-  Glacier  barren  lone,  the  proodmitar  of  mature  plants  gave 
opportunity  for  immediate  seeding. 

With  these  facts  and  limitations  in  mind,  the  following  relationships  of  v^etatioa 
to  the  Barry,  Serpentine,  Toboggan,  and  Baker  Gladen  in  Harriman  Fiofd  may  be 
prafitaUjy  oouideved. 

As  already  stated,  there  are  conspicuous  barren  zones  around  the  termini  and  lower 
borders  of  a  number  of  the  Prince  William  Sound  glaciers  (Pis.  CXXXIX  and  CXXXII, 
B),  as  a  result  of  the  fact  that  the  glaciers  have  melted  back  from  their  farthest  recent 
advance.  There  wa.s  such  a  barren  zone  around  Columbia  Glacier  when  Gilbert  visited 
it  in  1899,  but  before  1909  most  of  this  barren  zone  was  overridden  by  the  advancing 
Racier  and  by  1010  it  wasooveved^aswereniostof  IbebaiienflonesiHiidilindboida^ 
tbe  College  Fiord  giadei*  from  1800  to  1000.  In  Harriman  IknU  on  tbo  otber  hani 
these  barren  zones  wut  still  present  near  most  of  the  i^aciers  in  1010. 

Our  first  impression  was  that  the  advances  which  caused  these  barren  zones  were  syn- 
chronous and  that  an  examination  of  the  ages  of  shrubs  that  had  sprung  up  in  the  barren 
zones  would  reveal  the  approximate  date  at  which  the  last  advance  of  ail  the  glaciers 
had  taken  place. 

Hie  vegetation  near  Serpentine  Gkwier  was  studied  and  in  its  banen  aone  none  of 
the  scattered  wilhyws,  alders,  and  apmoes  were  f  oond  to  be  more  than  97  years  old.  Aa 

eariier  moraine  outside  this  belt  had  trees  i4»  to  08  years  of  age.  Baker  Oader,  jasfc 

south  of  Serpentine,  had  a  nearly-barren  inner  moraine  vAlh  shrubs  18  years  old  and  a 
more-thickly-forcsted  outer  moraine  with  spruces  up  to  110  years  old.  Toboggan  Glacier 
had  20  year  old  shrubs  on  the  last  moraine  of  its  barren  zone  and  conifers  of  70  years 
growth  on  an  older  moraine.  Barry  Glacier  was  bordered  by  a  barren  zone  with  the 
oldest  dbrubs  only  11  years  old;  and  here  there  an  not  two  belts,  but  one,  outside  of 
vducb,  on  eadi  mar^n  of  the  Racier,  a  very  perfect  pndHmonine  ridge  sepaimtes  the 
barren  zone  from  the  thick  forest  100  to  225  years  old.  We  cut  down  many  trees  and 
oovmted  rings  in  determining  these  ages,  only  .the  oklest  ones  being  dted  li^^  At  the 

» BdL  Admt.  Geof .  Soe,  Tol.  ZLm.  imi.  pw  MU 
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borders  ci  these  older  deposits  there  ere  usually  monune  ridges,  beyond  which  is  thidt- 
set,  metore  forest  with  trees  from  100  to  S25  years  or  mom  of  age. 

It  was  found,  thefefon,  tibat  the  advanoes  were  not  synchronou8»  and  that  in  thiee 
cases  out  of  the  four  the  Racier  had  advanced  twice,  for  it  is  hardly  coilloei\'a}^lc  that 

each  glacier  stood  at  the  inner  moraine  long  enough  for  the  .shnihs  to  grow  for  50,  66, 
and  O'i  years.  The  data  for  the  last  of  these  two  advances  may  he  arranged  fus  follows, 
suggesting  glacial  maxima  which  terminated  in  the  years  shown  in  the  right-hand  column, 
or  at  some  preceding  date,  but  never  later. 


EariiMi  Pos^nble  Date  qf 
Advance 

Ssipwitine 

t7  years 

18« 

Toboggan 

flO  " 

18W 

Qaicer 

18  " 

1891 

Bany 

U  " 

1888 

Then  are  no  known  visits  of  white  men  by  which  to  check  any  of  these  dates  ezoqit 
in  the  case  of  the  Barr>'  Glacier,  which  had  retreated  slightly  from  the  edge  of  the  barren 
zone  when  the  Harriman  Expedition  visited  it  in  1899.  In  1898  some  army  officers  saw 
it  from  a  distance  of  §  mile  and  the  advance  was  evidently  still  taking  place,  for  an  abnor- 
mal number  of  very  large  icebergs  was  being  discharged. 

Was  this  gnap  of  advanoes  due  to  dimatic  vaiiatkms  or  to  earthquake  avalanfhing? 
If  H  was  the  f onner  we  nmst  eaq;dam  why  aU  these  i^ados,  whi(^  are  fed 
snovfields,  did  not  advance  approximately  together,  instead  of  through  a  period  of  18 
years.  If  earthquake  avalanching  is  thought  to  have  caused  the  advances  we  see  at 
once  the  likeness  in  lag  due  to  size,  observed  in  the  Yakutat  Ray  advances,  for  Barry 
Glacier  is  longer  than  Serpentine,  and  Baker  is  longer  than  Toboggan  Glacier.  The 
two  last  are  shorter  than  Serpentine,  but  have  very  different  grades  and  shapes  of  snow- 
fields. 

Tliere  was  a  severe  earthquake  in  this  part  of  Alaska  in  1880,  and  the  advanoes  show 
an  apparent  time  relatkmship  to  this  that  warrants  the  retention  of  the  earthquake 

avalanchini;  hj^jothesis  as  certainly  possible,  the  first  glacier  advancing  two  years  after 
the  earthcjuake.  As  in  the  Yakutat  Buy  cases,  the  last  glacier  advanced  and  ceased  its 
advance  during  a  single  year,  as  possibly  the  earlier  ones  did  also. 

In  the  case  of  the  group  of  earlier  advances  the  same  choice  of  causes  is  possible.  The 
short  Baker  Glacier  advanced  before  the  kmg  Seri>entine^  with  the  Toboggan  advancing 
stiD  later.  The  absence  of  a  record  for  Barry  GlacMr  suggests  that  the  1898  maximnm 
went  beyond  this  earlier  one  and  destroyed  the  records  of  it,  as  Columbia  Glacier  has 
now  absolutely  destroyed  all  the  exndence  of  the  IS[H  maximum,  which  was  plainly 
visible  from  1809  to  1909.  The  group  of  advances  in  Harriman  Fiord  70  to  110  years 
ago,  with  progressive  development  of  advances  of  adjacent  glaciers  of  several  sizes  sug- 
gests the  possibility  of  an  origin  by  earthquake  avalanching,  as  the  synchronous  ad- 
vanoe  of  Hie  eight,  vwiaUo-siBed,  contiguous.  College  Fiocd  glacieEB  in  1010,  described 
In  tlw  preceding  cliqiter,  stroni^  euggests  the  profaaUfity  of  cfi^ 
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It  is  tobelioped  thAt  Mmefatiiie  eqMditiaii  to 
the  Hairiman,  Boaimg,  CstafMSl,  and  Baker  Glaciers,  whidi  mn  advancing  alightfy 
in  July  and  August,  1910,  continued  their  activity  after  that  year;  and  whether  the 
Bany,  Serpentine,  Detached,  Surprise,  Dirty,  Wedge,  Toboggan,  and  smaller  glaciers, 
which  were  then  retreating,  also  advanced  later  in  1910.  The  relatUMuhips  of  V^feta^ 
tion  in  the  barren  zones  will  be  important  in  determining  this. 
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CHAPTER  XVU 
THE  GIACI£BS  OF  FAS&AGE  CANAL  AND  BLACKSTONE  BAY 


GcNEBAXt  DjBBGRIPTION 

Passage  Canal  is  a  fiord,  extending  in  a  general  east  and  west  direction  in  the  nortli- 
westem  part  of  Prince  William  Sound.  Portage  Bay,  Blackstone  Bay,  Cochrane  Bay, 
Port  Wells,  and  Culross  Passage  are  the  principal  indentations  leading  out  of  it.  It  is 
about  25  miles  long,  and  from  1  to  2^  miles  wide.  Esther  and  Culross  Islands  flank 
Um  BMMilli  cl  FMMfe  CiiMl  and  mi  the  vwtem  aids  ol  GnlnMi  Hdand  It  Cuhon 
HgBb  a  mnow,  craolwd  dianiMl,  11  iiuIm  long*  oomieeting  Fusage  Canal  ^pith  Port 
Nellie  Juan  to  the  south.  These  fiords  have  ateeply-risiiig  walls,  a  gieafc  many  snonr- 
fields  near  h{7,  and  noderatMiiad  glaoieBi,  some  of  irii^ 

PUEVIOUa  QsaERVATIONS 

The  e9q>loratioii  of  these  fiords  was  accomplished  by  several  of  the  same  men  who 
did  the  early  work  in  the  other  parts  of  Prince  William  Sound,  with  the  exception  of 
the  Harriman  Expedition  wliich  did  not  visit  them.  Maps  of  one  kind  or  another  and 
brief  descriptions  have  been  published  by  Vancouver  and  Whidbey,^  Petroff,*  Apple- 
gate,'  Glenn/  Leanaid,  Caatner  and  Kelly,  MendenhaD,*  Hoion,*  Ftetw/  and  Gtant 
aadffiggina.'  Of  tJwae  oiMsrvcfa  <ui|3r  Gfant  and  ffiggma  have  given  especial  ait^^ 
to  glacier  study. 

The  junior  author,  in  charge  of  the  National  Geographic  Society's  expedition  of 
1910,  devoted  four  days  (August  1  to  5)  to  a  study  of  the  glaciers  of  inner  Passage  Canal 
and  Blackstone  Bay.*   During  this  time  we  made  the  map  of  Tebenkof  Glacier,  the 

•  Vancouver.  George^  Voyage  of  DLscovrn.-  tn  the  North  Pacific  Ocean  and  Roawl  the  Worid,  VoL  V,  I8OI9 
pp.  M9-efi0,  288»  aoa-ail.   Map  rqiroduced  by  Davidjon  (aee  beiow)  Map  V. 

•  VMroff,  Ivn»        Cm»  «f  «lia  IMtod  SlalMk  UM^  ToL  Via  im 

■  Applogate,  map  in  Davidson's  Glaciers  of  Alaska  that  are  Shown  on  Russian  Charts  or  Ifntloasd ia 
Older  Narrativca,  Tnuis.  and  Fhtc.  Geo(.  Soc,  Pacific  Vol.  S.  1904.  p.  27  and  M»p  XL 

•Gkmw  E.  F..  War  Dept.  A^.fCm.  OOm^  No.  XXV.  1880.  pp.  17-18.  Leamard.  H.  C  lUd., 

pp.  145,  127-R;  Castncr.  J.  C.  Ibid.,  pp.  189-192;  Kelly,  L.  S.,  Ibid.,  p.  289,  also  map  in  pocket. 

•  Mendenhall,  W.  MUi  Ann.  BapU  V*  S.  Geol.  awmj,  Fut  VII,  laOO,  VP-  t7»-l,  801,  8U-m,  and 
Map  16. 

•  Hma,  J.  8^  War  DepU  A4i^43cB.  Ofllos,  N».  ZXXIL  IMl,  p.  M  sad  ^ 

'  Porter,  It  W.,Bcport€oBapdatloB  and  BcmneM  of  Aladcs,Ekf«BthGiaMHi  189^  ISH^ 

p.  70. 

•Gnat,  XJ.  8.  nd  Sggina.  D.  F.,  Ghdna  of  Oa  Wait  GoMt  of  Mnoe  WflHam  Bomid.  BdL  Amer.  Geog. 
Sae.,  ToL  XLin.  1911.  pp.  402-407;  in  Rcid's  VariaUona  of  Glackrs.  Joiim.  Gcul..  Vol.  X\  II,  1900,  p.  671; 
also  maps  m  Bull.  284.  U.  S.  Geo].  Survey.  190G,  Fig.  4,  p.  7»S  /Mi..  BuIL  879^  IMW,  PL  IV,  fMing p.  88; 
Ibid^  Bull.  44S,  1910,  PI.  I.  facing  p.  10  and  Pi.  II.  in  pocket 

•  liartiii.  LawTCDoe^  Tba  Jbtknal  GaopaiiUe  Sodety  Beacaidiaa  in  Alaska.  Nat.  Geof.  Mag..  Vol.  XXIl. 
1M1,  p.  JM;  JiMn.  Gael,  YoL  XZX,  Ull,  p.  408. 
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modifiod  map  of  the  iee  tongues  at  the  head  ot  Bbdntone  Bay»  nd  ■oundingithiDq^ 
out  Blackatone  and  Portage  Bayi. 

BLACKSVOMn  Bat 

Topography.  Blaokstone  Bay,  a  southwestern  branch  of  Passage  Canal  just  wcit 
of  Port  Wells,  is  about  11^  miles  long  and  from  one  to  two  miles  wide.  It  is  a  steep- 
walleil  fiord,  but  the  walls  are  lower  than  those  of  Harriman  Fiord  and  inner  Passage 
Canal  which  penetrate  the  very  heart  of  the  mountains.  Near  the  head  of  Blaokstone 
Bay  is  llie  Img,  nanoir  VnUaid  Uand  and  a  projecting  panbmin;  and  atound  the 
head  of  the  bay  are  ei^t  amall  i^acieBB.  On  the  aootiiem  aide  of  the  boy,  dose  to  Pto> 
sage  Canal,  is  a  cove  about  a  mile  long,  n  abort  distance  aouth  of  vhidi  ia  Tdbonkof 
Glacier,  the  lacgest  ioe  tongue  of  Blackstone  Bay. 


Vta.  51.  Smca  or  Fmmob  Gamal. 


TebenkoJ  Glacier — Snowfidda  and  Ice  Tongue.  Tebenkof  Glacier  (Fig.  52)  is  known  to 
be  over  ten  miles  long  and  is  from  less  than  one  to  over  two  miles  wide  in  the  lower  por- 
tion. It  tenninates  over  a  half  mile  from  the  head  of  the  oove,  into  lAadk  »  number 
of  laige  streams  flow.  Tebenkof  Glad^  also  has  two  subordinate  termini,  whidi  are 

lobes  projecting  from  the  side  of  the  glacier  into  tributaiy  valleys.  The  largest  of  these 
is  about  4  miles  from  the  terminus  and  projects  westward  for  about  a  mile  and  a  half, 
sending  a  glacial  .stream  down  to  Blackstone  Bay.  Tlie  smaller  lobe,  which  is  on  the 
eastern  side  about  two  miles  south  of  the  terminus,  projects  a  shorter  distance  from 
the  side  of  the  glacier  and  its  stream  discharges  eastward  to  Cochrane  Bay. 

The  leader  heads  on  a  hi|^  snow  divide  whidi  is  unsqploced  and  it  aeems  pcobaUe 
that  the  snowfields  there  coakaoe  with  those  that  feed  the  smaller  ioe  tongues  to  the 
west  at  the  head  of  Blackstone  Bay  and  the  glacbrs  on  the  northwestern  side  of  Port 
Nellie  Juan.  At  least  10  miles  south  of  the  terminus  of  Tebenkof  Glacier,  there  is  an- 
other small  gla<  ier  flowing  nortlieastward  from  this  same  sno-^-field.  It  is  about  € 
miles  long  and  its  outlet  stream  flows  eastward  to  Cochrane  Bay  about  2  miles  distant. 
The  absence  of  glaciers  in  Cochrane  Bay  on  tiie  east,  and  in  Blackstone  Baj  on  the 
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A.  SmcH  or  Basbt  GbAcm,  as  Ouuxvbd  a  18M  (GAxmn) 


B.    IIahrimav  Fiohi)  in  1910 
Shomng  the  retreat  uf  Barry  and  Surprise  Cilociers  since  lbS>9. 
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A.   Western  L\ter.\l  Moraine  op  Formerly  Expanded  B.uibt  GiACiEut 

Forming  the  bound»rj"  l»otw«H'n  the  bnrren  zone?  and  ll>e  thick  mature  forest,  some  of  whose  trees  overturned 
during  an  i<v  advance  «s  seen  on  tlie  left.    Photograph,  July  iZ6,  1910. 


B.   Toboggan  Gl-^cier 

Showing  also  Imrren  zone  and  oiilwiksli  ]>lain.    Photograph  by  U.  S,  Grant  and  Sidney  Paige; 

August  iO,  1905. 


.  J      Ly  Google 


.  J  ^  .  L  y  Google 


L  y  Google 


.  ij      l  y  Google 


.  J  ^  _  l  y  Google 


PUVTE  (  XL 


Shotriog 
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MoBAixE  Uabs  at  Head  of  Tort  Wells 
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iPBst,  everywhere  excepting  at  the  head,  emphasizes  the  elevated  position  of  Tebenkof 
Glacier  which  lies  between  the  two  b«yB  and  whidi  extends  nearly  ai  far  north  aa  their 

mouths. 

The  surface  of  the  glacier,  which  has  no  medial  or  lateral  moraines,  is  exceptioualljr 


Chuun  nr  UIO. 


clean  (PI.  CXLII)  and  without  morainic  debris  except  in  little  patches  at  the  terminus. 
It  was  so  slightly  crevassed  in  August,  1910,  that  travel  over  the  glacier  surface  was 
veiy  eaqr.  The  surface  8lq>es  18**  to  26%  steepening  to  82°  and  40**  near  the  terminus 
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■od  in  ODie  plioeb  new  tlie  western  edge^  to  4S*.  Itueepenitedlromlliesenbgracree- 

oentic  terminal  moraine  and  an  outwash  gravel  plain. 

Lack  of  Change.  The  terminus  of  the  Tehenkof  Glacier  in  1910  fFi^.  5i)  was  not 
very  different  from  the  conditions  in  1909  and,  so  far  as  information  is  available,  in 
previous  years.  Applegate  showed  the  glatricr  in  1887  in  about  the  same  position  as 
in  1909  and  1910.  Photographs  from  sites  occupied  by  Grant  in  1^9  show  no  change 
during  the  f oUowing  year  on  the  OMtetn  edge  and  oolb^  a  di^t  letreat  at  tiie  westcni 
maqpn  of  tiie  ioe  hont.  There  are  no  eaifier  photographs. 

Terminal  Moraxnet.  The  tenninal  moraine  is  dofle  to  the  glacier  and  varies  consid- 
erably in  character.  The  portion  near  the  eastern  center  (Fig.  52),  having  a  width 
of  from  700  to  1150  feet,  ha.s  a  hummocky  inner  surface  against  which  the  edge  of  the 
ice  rests.  On  it  are  a  few  pools,  but  no  large  kettles.  There  is  a  similar  small  area 
near  the  eastern  valley  wall.  The  remainder  of  the  tmninal  moraine  forms  a  striking 
contHMt  with  this*  bdng  a  single  ridge  or  series  of  small  paiaOel  ridgea  less  than  100 
leet  wid^  00  feet  or  less  in  height,  ami  extending  acroas  tita  valky  with  a  diape  sunilar 
to  that  of  the  present  terminus  of  the  glacier  and  at  a  distance  of  000  to  800  feet  from  it. 

Between  tliis  terminal  moraine  ridge  and  the  glacier,  both  east  and  west  of  the  broader 
central  portion  of  the  moraine,  outwiush  gravel  i.s  still  l>eing  deposited,  the  gravel  deposit 
on  the  east  containing  small  pools  possibly  due  to  slumping  of  a  small  buried  portion 
of  the  glacier  front.  As  these  gravels  were  still  being  built  up  by  glacial  atreams  in 
1010,  it  seems  probable  that  other  paita  of  the  tenninal  moraine  dqMsfta  haTe  been 
out  away  fay  Ihese  streams  and  buried  by  their  aecnmnlations. 

On  the  eastern  side  of  the  moraine,  which  was  barren  in  most  places,  were  scattered 
alders  up  to  eight  years  old  in  1910.  On  the  western  side,  the  outer  part  of  the  r^^^TT^ 
had  willows  10  years  old  and  alders  of  VI  years  growth. 

This  terminal  moraine  is  not  continued  by  lateral  moraines  at  the  borders  of  the 
glacier,  probably  because  little  morainic  material  was  supplied  from  the  bare  rode 
there.  There  are,  however,  diseontinuous,  linear  patdies  of  moraine  patalMing  the  ice 
edge  on  the  eastern  side. 

Older  Terminal  MonAu,  On  the  westein  side  of  the  valley  and  about  50  feet  out- 
.sidc  the  terminal  moraine,  was  a  fragment  of  an  older  terminal  moraine,  contrasting 
with  the  inner  one  in  having  much  moss  and  many  shrubs  growing  upon  its  surface. 
One  willow  examined  was  18  years  old.  This  furnishes  the  only  evidence  of  two  stages 
in  the  recent  history  of  Tebenkof  Glacier. 

Otdwaih  Plain.  The  outwash  gravd  pUan,  with  a  length  of  £800  to  4500  feet  and 
a  width  of  about  a  mile,  is,  in  some  parts,  stiU  being  bnUt  iqp  by  streams.  To  the  north* 
ward  it  is  continued  into  the  bay  by  a  mud  flat  400  to  700  feet  wide  at  low  tide.  This 
plain  is  35  to  50  feet  above  sea  level  at  the  ice  edge  and  slopes  at  the  rate  of  (50  to  65 
feet  per  mile.  Some  parts  of  the  outwash  gravel  plain  are,  however,  no  longer  being 
built  up  and  have  had  no  streams  for  over  20  years,  as  is  shown  by  an  extensive  growth 
of  willow  and  alder  tiuckets.  Less  than  half  way  between  the  bay  and  the  glacier  are 
several  chuniis  of  tall,  qmunetrical  q>niGe  trees,  tho  laigest  being  about  S  feet  in  diam- 
eter and  with  an  estimated  age  of  a  century  or  more.  A  pair  of  small  hillocks,  which 
iqipear  from  a  distance  to  be  rock  hills,  rise  up  through  the  alluvial  deposits  on  the 
eastern  edge  of  the  outwa.sh  gravel  plain;  and  there  is  a  ain^^  similar  hillodc  on  tho 
western  side  near  the  valley  wall. 
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Banm  Ztme.  On  each  aide  at  the  tenmmu  ci  Tebenkof  Glacier  wai  a  baim  aone 
M).  alwiiotedm  lOOObyGnntandHiggiiui.  It  is  SOO  to  400  f eet  in  widtli, 

but  wedges  oot  at  a  distance  of  less  than  a  mile  to  the  southward.  Hie  upper  edge 
of  this  barren  zone  marks  the  greatest  expansion  of  Tebenkof  Ghicier  in  recent  years, 
for  above  it  is  thick  mature  forest,  with  trees  16  to  24  inches  in  diameter  and  with  a 
few  dead  trees,  still  standing  at  the  edge  of  the  forest.  The  western  margin  had  many 
dead  tree  hei^  at  the  edge  of  the  barren  nme. 

Between  the  barren  aone  and  the  ioe  the  rock  floiface  u  prevaiUn^  bare,  and  upon 
it  are  scattered  fragments  of  dead  tree  trunka,  iMb,  where  there  ia  soil,  flowera,  gtawM, 
and  acattcied  yoong  willowa,  aUen  and  spruces  arc  growing.  The  upper  part  of  the 
western  barren  zone  has  quite  a  number  of  scattered  shrubs,  but  its  lower  part  has 
almost  none.  The  largest  of  the  alders  observed  had  seven  annual  rings.  This  and 
the  12  year  old  alders  oo  the  terminal  moraine  indicate  that  the  last  expansion  of  the 
glacier  up  to  the  edge  cf  tiie  henai  lOBe  and  out  to  the  tennhMl  nonine  mm  at  lewl 
If  yean  before  1910. 

Gkuiers  at  the  Etad  4{f  .BZoalafoiM  Bay — Relationships  of  Glaeien,  This  is  a  group  of 
moderate-sized  ice  tongues,  deaccnding  from  nkxk  fields  which  aunoimd  the  head  of 
Blackstone  Bay.  All  of  them  are  cascading  glaciers  of  varjing  steepness,  and  only 
two  are  tidal,  thougli  tliree  others  on  the  eastern  side  reach  almost  to  tidewater.  The 
name  Blackstone  Glacier  has  heretofore  been  used  for  the  whole  group,  as  if  they  were 
dietiBNileiiei  of  a  aiogb  ioe  cap,  but,  aa  tfaegr  aie  not  Idbea  cf  a  single  glacier,  but 
aeparate  ▼aUcar  i^bdent  as  feir  cf  thrar  fidda  coaleace  on  the  lidgea  between, 
it  seema  dennhle  to  ^ve  aepaimte  names  to  each  of  the  ioe  tongues.  The  addi- 
tional names  are  taken  from  colleges  in  Wisconsin.  The  apparent  coalescing  of  the 
glaciers,  indicated  in  Fig.  53,  would  practically  disappear  if  more  detailed  maps  were 
made  which  separatctl  the  ice  tongues  from  the  n6v6  on  the  adjacent  mountain  slopes. 
Ripon  Glacier,  for  example,  heads  in  a  cirque  which  has  nev^  all  over  its  head  and  side 
walla. 

At  a  period  of  greater  expanaion  all  of  theae  i^aoien  were  tiibatariea  to  a  greet  ioe 

tongue  in  Blackstone  Bay  similar  in  dimensiona  to  the  Tebenkof  Glacier.  It  seema 
probable  that  the  retreat  of  this  glacier  and  its  separation  into  distinct  ice  tonguea» 
while  the  non-tidal  Tebenkof  Glacier  still  extends  over  6  miles  farther  northward,  is, 
in  part  at  lexist,  a  result  of  more  rapid  melting  of  the  Blackstone  ice  tongue  on  account 
of  its  ending  in  salt  water. 

BktMcmM  GhoUt,  Bladcatone  Glacier  heada  in  nnesploied  anowfielda  aouthweat  of 
tiift  ba7>  having  •  moderatdlsr-doplng  upper  portion,  fed  by  nmnerooa  email  trilmt*- 
liee,  and  a  steeply-cascading  terminus,  which  deaoenda  several  hundred  feet  in  the  last 
quarter  of  a  mile,  terminating  in  the  southwest  comer  of  the  bay  in  a  vertical  ice  cliff 
over  a  hundred  feet  high,  from  which  small  berps  are  discharged.  The  glacier  is  a  clean 
white,  severely-crevassed  mass  reacliing  tidewater  only  in  the  eastern  portion^  but 
descending  nearly  to  tidewater  for  some  distance  to  the  west. 

On  the  eaxly  maps  by  Applegate,  MendenhaM,  and  othen  tbia  glader  ia  indicrted  aa 
contearing  with  the  adjacent  Bdoit  and  Northland  ice  ttmgam  and  aa  eactcnding  over 
belf  a  mile  farther  north  to  the  aonthem  end  of  Willard  Island.  This  is  probably  an 
error,  for  Applegate  did  not  go  near  enough  to  the  plaeier  to  be  sure  of  its  relationships, 
and  in  1910  spruce  trees,  10  to  12  inches  in  diameter,  were  found  at  sea  level  on  the 
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southem  end  of  WOIaid  UumL  The  oorrect  pontioa  of  the  termmua  of  the  gbder 
waa  fint  Buqyped  in  1909  by  Grant  and  Higgins. 

A  comparison  of  their  photographs  with  ours  taken  in  1910  shows  a  slight  advance 
of  the  glacier  during  that  year.  It  is  not  certain  exactly  how  much  advance  tliere  was, 
but  a  rock  ledge  exposed  in  1909  beneath  the  eastern  side  of  the  terminus  was  over- 
ridden in  1910  and  the  tidal  frontage  was  slightly  increased.  The  western  edge,  toward 
NorUiUHid  Glader.  oo?«nd  moiie  of  fhe  ban  iw^  ikiMs  dmi  m*  level  in  AugaH^  181€^ 
than  in  July,  1909.  At  aemal  points  along  this  wwtem  portion  of  t&o  tenaimii^  in 
blocks  were  sliding  down  from  the  end  of  the  evader  into  the  sea  as  a  result  ol  this  advance, 

Beloit  and  Marquette  Glaciers.  These  are  two  adjacent  cascading  glaciers,  Beloit  Gla- 
cier being  at  the  very  head  of  Blackstone  Bay,  while  Marquette  Glacier  lies  a  short 
distance  northeast  of  it.  The  latter  has  a  much  gentler  siope  than  the  former.  Beloit 
Glader  descends  horn  a  gently  sloping  upper  portion,  at  about  the  same  level  «a  Blade- 
•tone  Glader,  and  terminatiei  at  sea  levd  in  a  Tortioal  ice  diff  from  iHudi  be^p  mn 
discharged  in  1009  and  1010,  there  being  no  appreciable  change  in  the  ice  front  during 
the  period  of  observation.  Both  of  the  glaciers  are  without  medial  or  lateral  moraines^ 
Beloit  Glacier  being  severely  crevassed,  while  Marquette  Glacier  is  rather  smooth. 
The  former  is  fed  from  n6v6  fields  adjoining  the  Blackstone  Glacier  and  is  separated 
from  the  Marquette  Glacier  by  a  mountain  ridge,  the  upper  portion  of  which  is  covered 
wiliiiMvhk^lBedaintoeadiof  thegladen.  1900  and  1910 Mtiqnolle Glacier 
tetmfnafad  a  hnr  hnndred  feet  from  tiie  water^a  edge  and  nndenrent  no  mipmeiMe 
diange  doling  that  period.  It  was  oovend  ivitli  anmr  neailgr  to  aea  levd  in  AngHA» 
1910. 

Ripon  and  Lawrence  Glaciers.  These  two  cascading  glaciers  are  on  the  eastern  side 
of  Blackstone  Bay,  Lawrence  Glacier  being  about  tlxree  quarters  of  a  mile  northeast 
<^  Marquette  Glacier,  and  Ripon  about  the  same  distance  farther  to  the  northeast. 
On  Applegate'a-nu9  boUi  of  Uieie  glaciera  aeem  to  reach  tidewater,  hot  tlie  antlMr  of 
tiie  map  did  not  go  near  enon^  to  them  f orna  to  fed  certain  tiiat  this  is  oooeei.  la 
1909  and  1910,  each  of  the  glaciers  terminated  150  to  200  fert  &om  the  fiord. 

Each  of  the  glaciers  is  moderately  crevassed  and  without  moraines.  They  are  both 
deeply  set  in  mountain  valleys,  sej)arated  by  broad  rock  spurs  and  are  fed  from  ezten* 
give  n6v6  fields  which  mantle  the  whole  mountain  slope.  Their  surface  slope  is  18*  to 
£0°,  or  about  the  same  as  Marquette  Glacier,  and  not  nearly  so  steep  as  tlie  slope  of  the 
Bdbit  and  Bladntone  Gladaes.  The  vM  fidda  on  the  dopes  of  Mt.  Applegate,  eaal 
of  Blpon  Glacier,  large  areas  and  feed  an  unnamed  j^arifr  lobe  in  tiie  nent  TaOs^ 
to  the  northeast,  as  well  as  a  number  of  other  small  lobes. 

In  1910  portions  of  the  terminus  of  Lawrence  Glacier  were  so  near  the  water's  edge 
that  ice  fragments  were  sliding  down  the  bare  rock  slope  into  the  bay,  so  that  thi.s  glacier 
was  discharging  small  iceber^rs  without  being  a  tidal  glacier.  A  small,  but  clear-cut, 
stony,  push  moraine,  forming  the  boundary  of  a  moderate-sized  barren  zone  between 
the  monine  and  the  ice*  extended  aroond  parts  of  tiie  tetminns  of  iMmtmob 
Glader,  ensepting  in  the  middle  where  the  ice  fragments  were  disdiaiged.  Wi&in 
this  bwren  zone  there  were  only  scattered  yoong  dumbs,  idiile  dense,  mature  foreat 
grew  outside. 

The  terminus  of  Ripon  Glacier  lies  farther  back  from  the  sea  than  that  of  Lawrence 
Glacier,  ending  on  bare  rock  ledges.   The  nose  of  the  glacier  was  mantled  in  places 
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with  ablation  moraine,  which  gives  part  of  it  a  fictitious  appearance  of  being  lobate. 
A  creMentic  terminal  moraine  marks  the  site  of  a  former  extension  <rf  the  glacier  and 
indile  of  it  if  a  b«n«n  moot,  tibe  lugest  in  Bhdntone  Bay.  It  indudM  a  laige  area 
of  bare  rock  irith  scattered  young  shrubs,  and  outside  of  it  is  the  normal  matnve  lorat 

There  is  a  possibililgr  that  this  i^acier  has  had  a  double  history  ol  recent  advanoes* 
for  the  part  of  the  barren  zone  nearest  the  glacier  liad  almost  no  vegetation  and  was 
separateil  by  a  small,  low  moraine  from  an  outer  jiortion  which  had  a  great  many  more 
young  shrubs.  The  age  of  this  youngest  v^etation  near  Ripon  and  Lawrence  Glaciers 
was  not  determined  carefully,  but  may  be  estimated  as  certainly  less  than  20  years. 

GHaeien  on  tiu  WuUm  8ids  of  BkuktUnu  Ba^.  The  NortMand,  Milton,  Conwwtiia, 
and  Canon  Glacien  are  fed  from  vM  fields  irest  of  the  Blackstooe  Glacier.  None  of 
them  are  as  large  as  the  glaciers  on  the  eastern  side  of  the  bay,  and  all  excepting  the 
Northland  Glacier  terminate  from  a  quarter  to  a  half  mile  from  the  bay.  Northland 
Glacier  extends  down  nearly  to  tiie  branch  of  the  bay  west  of  Willard  Island. 

All  of  these  glaciers  arc  without  moraines,  and  are  more  or  less  crevassed,  the  Carroll, 
ConOQcdia  and  Milton  Gladers,  which  are  descending  steeper  slopes  than  the  North- 
land G]adMr»  being  moat  crevasied.  There  is  not  enom^  prsvious  inforaiatioii  about 
these  ^toeierB  to  determine  their  recent  bistoty,  aHhoQl^  tiie  slidiqg  down  of  fragments 
from  some  of  the  temuni,  and  the  abseooe  of  barren  aones*  suggested  the  possibility  of 
recent  advance. 

Glacial  Erosion — Erosion  Above  Sea  Level.  Evidence  of  glacial  erosion  in  Blackstone 
Bay  is  found  in  the  form  of  the  £ord  above  sea  level,  and  especially  in  the  steepened 
walls  and  bare  rode  dopes  scored  with  gisdal  striae.  Willard  Island  shows  this  glada- 
taon  particular^  wdl,  having  nmneroos  typical  rodies  mootonnfo  forms,  and  good- 
sbed  rode  basins  containing  lakas.  The  northern  wall  of  Bladsstooe  Bay  at  the  curva.  " 
dght  miles  north  of  Bladcstone  Glacier,  is  far  attepet  than  the  opposite  wall,  suggesting 
glacial  undercutting  on  the  outer  side  of  this  cur%'e.  There  arc  also  hanging  vallejrs 
illustrated  by  the  valleys  of  Carroll  and  adjacent  glaciers,  and  by  a  valley  on  the  eastern 
side  of  the  fiord  about  three  miles  north  of  Ripon  Glacier.  Its  lip  is  a  few  hundred 
feat  afaoiit  sea  Isvd*  and  it  has  no  glacier  at  present. 

BiAmarim  Bnmon,  The  portion  of  the  fiotd  bdoir  sea  levd,  as  revesled  by  sound- 
ings, also  emphasizes  the  great  amount  of  glacial  erosion.  The  fiord  bottom  sl<^>e8  at 
the  average  rate  of  about  75  feet  to  the  mile,  having  a  depth  of  216  feet  near  the  Black- 
stone  and  Beloit  rilaciers,  and  1080  feet  ^shere  Blackstone  Bay  enters  Passage  Canal 
11 J  miles  distant.  Half  way  down  the  fiord,  however,  there  is  a  deeper  point  (1188 
feet);  and  there  is  a  steep  descent  of  over  500  feet,  2^  miles  from  the  head,  besides 
olbcr  Intermplions  of  slope,  described  beknr.  The  yfdbly  steqpaaad  dopes  of  ^  side 
walla  of  the  fiord  seem  to  oontinoe  beiofw  sea  lord,  suggesting  that  it  has  the  normal 
relatively  flat-bottomed  cross  section. 

The  slope  of  the  bottom  of  this  fiord  from  Beloit  Glacier  to  the  southern  end  of  Willard 
Island  is  at  the  rate  of  about  100  feet  to  the  mile.  Then  comes  a  conspicuous  increase 
in  the  slope  with  a  descent  of  462  to  522  feet  in  less  than  three-quarters  of  a  mile,  or  at 
the  rale  of  over  650  feet  to  the  mile.  Such  a  confiuence  step  in  the  fiord  bottom  is  a 
feature  often  ebaet»ed  in  glaciated  nrauntdn  vafleys  and  the  same  condition  eodsts 
sbove  sea  Icvd  at  the  soothem  end  of  Blackstone  Bay  where  BladEstene  and  Bdoit 
Glaciefs  descend  a  similar  sUp  of  even  greater  bel^t.  A  possible  eatplanation  of  this 
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step  is  found  in  th«  whtMimihip  ci  the  duwmels  on  the  east  and  west  sides  d 

lard  Island.   It  is  possible  that  vhen  the  glaciers  from  tbhtt  side  <d  Willaid  Uaad 

united,  the  combined  ice  tongue  had  such  increased  power  as  to  enable  it  to  erode 
more  deeply  beyond  the  end  of  the  island.  Northward  to  the  mouth  of  Bladcstone 
Bay  the  fiord  bottom  slope  averages  30  to  85  feet  to  the  mile. 

The  channel  bottom  between  Badger  Point  and  the  southern  end  of  Willard  Island 
is  basin  Aaped,  with  mdj  99  feet  of  water  at  the  amrthem  maigiii  and  IM  feat  ik  the 
center.  This  may  be  a  lodc  basin  doe  to  glacial  erosion,  lliere  may  aim  be  »  rode 
basin  soathwest  of  the  point  where  there  is  a  depth  of  936  feet,  in  Blackstone  Bay, 
near  the  turn  just  west  of  the  cove  of  Tebenkof  Glacier.  The  increased  depths  in  the 
fiord  north  of  Tebenkof  Glacier  may  be  due  to  increased  glacial  erosion  resulting  iron 
the  union  of  this  glacier  with  the  Blackstone  Bay  ice  tongue. 

The  relationship  of  the  Tebenkof  Glacier  cove  to  Blackstone  Bay  is  that  of  a  sub- 
merged hanging  valley,  the  lip  of  the  hanging  valley  at  the  bottom  of  the  oove  being 
at  least  TOO  feet  aborre  the  floor  of  BUwhstone  Bay. 

Glacial  Deposits — Above  Sea  Level.  As  is  the  case  in  the  other  fiords  of  the  Prince 
William  Sound  region,  glacial  deposits  above  sea  level  are  relatively  unimportant. 
The  largest  accumulation  of  thi.s  kind  is  the  terminal  moraine  and  outwash  plain  near 
the  terminus  of  Tebenkof  Glacier,  already  mentioned.  There  are  also  minute  terminal 
moraine  deposits  around  the  borders  of  the  Ripon  and  Lawrence  Glaciers,  and  there  is 
a  thin  mantle  of  ground  moraine  m  the  fiord  wills,  where  not  too  steep,  and  on  parts 
of  Wmaid  Island. 

Moraine  Bar  at  WtUard  Idand,  Hie  only  other  morainic  accumulation  in  tlie  bay 
is  of  con.siderable  interest.  It  was  sketched  by  Grant  and  Higgins  in  1900,  who 
referred  to  it  as  "modified  remains  of  two  recessional  moraines."  This  partly-sub- 
merged terminal  moraine,  or  moraine  bar,  nearly  joins  Willard  Island  with  the  mainland 
on  the  east  (Fig.  53).  It  project3  over  three-eighths  of  a  mile  southeastward  from 
Willard  Island,  extending  more  than  half  way  across  the  fiord;  further  east  is  aDow. 
Iskt;  and  then  oomes  a  point  whidi  projects  a  quarter  of  m  mBe  tttm,  the  main  and 
At  low  tide  nea^  the  whole  of  the  moraine  bar  is  expo.sed,  there  being  only  two  nar- 
row channels  across  it,  the  easternmost  only  a  few  feet  deep,  the  westernmost,  24  feet 
deep  at  about  mid-tide.  As  the  submerged  contours  show,  the  fiord  bottom  here  rises 
about  474  feet  above  the  bottom  of  the  bay  immediately  to  the  north  and  210  to  288 
feet  above  the  bed  of  the  fiord  to  the  south.  The  northern  face  of  the  morame»  there- 
fore^ slopes  at  the  rate  of  1900  leet  to  the  mUe,  while  southward  toward  the  glacier, 
the  dope  is  only  1190  feet  per  mile. 

Some  beadi  sand  is  found  on  portions  of  this  moraine  and  on  those  parts  of  the  bar 
that  rise  entirely  above  high  tide  trees  and  grass  are  growing.  That  this  bar  is  not  a 
mere  sand  spit  is  sho\\Ti  conclusively  by  the  character  of  the  foundation  material  which 
is  especially  well  exposed  on  the  portions  uncovered  at  low  tide.  It  consists  of  angular 
bowlders  iq>  to  6  feet  in  diameter,  some  of  them  striated,  which  oodd  hnve  reached 
their  present  porition  only  in  the  i^bder,  being  too  laige  and  too  nomeroas  lor  an  iee> 
berg  deposit  with  sea  levd  as  at  present.  The  tiO  at  tlmsotiaee  of  this  tenmnal  moraine 
has  largely  been  washed  away  by  the  tidal  cuirents,  idiidi  at  hii^  tide  sweep  stromAr 
across  the  submerged  parts  of  the  bar. 

It  is  clear  that  a  moraine  exists  here  on  the  surface.   Whether  it  is  (1)  a  thick  till 


Digitized  by  Google 


GIACIEBS  OF  PASSAGE  CANAL  AND  BLACKSTONE  BAY  m 


dflpQfltr-ft  moniM  liaiiig  £10  to  474  feet  above  tlie  lloid  bottom  and  all  sobaiMged 
twwpting  liw  topi— or  0^)  m  tbm  ■apwfidal  depoA,  rating  iqpon  a  lock  awdl,  cannot 
be  detenuned  fnun  the  iactt  at  band.  Ibo  kdc  of  tbidc  oomipQiiding  depoati  npon 


t    ■    ■    ■    '  1  i  I  I 

Via.  53.   GLAaiais  and  Submabini  Contocbs  of  Blackstone  Bat. 
Sooadiagi  ill  feet.  Shofeognphk  itetkNie  dioim  bj  ktten  Q  D,  eod  £. 

WiDaid  Xfland  and  in  the  fiord  to  the  west  of  Uie  island  suggest  the  latter.  The  broad- 
ening of  the  eastern  passage  just  here  also  accords  with  this  view,  for  glacial  erosion 

would  naturally  be  cfFicient  in  the  constriction  to  the  south  (462  to  468  foot  deep),  and 
the  incoming  of  the  steeply-descending  Ilipon  Glacier  might  have  taused  a  plunging 
of  the  ice  and  an  increased  efficiency  of  erosion  to  the  north  where  the  depths  are  474 
to  036  feet 
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On  the  other  hand,  the  Bipon  Glacier  is  not  in  exactly  the  right  i>osition  for  this, 
and  tiw  naaowiMH  «f  tbe  diMl  ana  ii  difllcnlt  to  eMfhin.  by  ^adal  cnMion  and  eMgr 
to  QiidenUiid  if  tha  idiofe  dqMnt  u  a  MboHigid  Tha  ooinddenoa  of  a  lialt 

of  the  gladereaetty  on  aaimaKidfid  lock  fwcflu  also  difficult  to  explai 

is  thought  of  as  resting  so  precisely  on  an  irregularity  in  rock.  Tliere  is  no  special 
rock  texture  or  structure  to  help  explain  this  phenomenon,  if  mainly  a  rock  feature. 
The  geological  map  by  Grant  and  Higgins  '  indicates  that  Wiiiard  Island  and  the  whole 
ahore  lime  of  Blackstone  Bay  are  made  up  of  graywacke  and  slate  and  small  dSkes  nilh 
ao  obMTvod  peeafiaiitiM,  each  as  irou^ 

to  tiia  natuio  of  the  todu  On  Hui  ivfaokt  th«fef ot^  we  bdieve  that  the  facto  point 
toward  a  moraine  bar  here*  rather  than  a  namnr  upwutd  swell  in  the  bedrock  floor 

of  the  fiord. 

RelcUionships  of  Forest  io  Stages  of  Glaciation.  As  noted  by  Grant  and  Higgins,  the 
southern  six-sevenths  of  Willard  Island  constitutes  a  relatively  barren  zone,  though 
not  one  of  the  extremely  young  barren  zones  like  those  near  Rq>on  and  Lawroioe  Gla- 
ciei«,  or  llie  ones  near  Bany  and  odier  gladen  in  Haniman  Flocd*  f  or  wil^ 
an  a  few  trees  up  to  10  or  1ft  indbes  in  diameter.  Thrao^MNit  this  somewhat  over- 
grown barren  lons^  there  is  a  scattered  growth  of  evei^reen  trots  and  many  aider  tiuelE- 
ets,  but  the  larger  part  of  the  area  has  no  trees,  though  in  the  open  spaces  thickly  covered 
with  grasses,  moss,  and  peat.  On  the  north  it  terminates  along  a  definite  line  (marked 
as  the  limit  of  the  barren  zone,  b.  Fig.  53),  extending  westward  across  Willard  Island 
Iran  the  base  of  the  monunic  bar.  Nwth  of  this  line  there  is  thick,  mature  forest,  and  it 
therrfore  seems  dear  that  an  advance  of  the  fonnsr  i^bcier  of  Wackstone  Bay  wrtmdfd 
down  to  this  line  some  SOONS  d  years  and  possibly  over  a  century  ago.  The  fact  tkat 
the  edge  of  this  barren  zone  oontianes  the  line  of  the  motaine  bar  just  described,  sqg- 
gests  the  association  of  the  moraine  witli  this  advance.  It  is  to  be  noted,  however, 
that  we  found  no  similar  moraine  at  the  western  end  of  this  zone,  in  the  channel  west 
of  Willard  Island;  though  the  fact  that  our  soundings  there  were  a  quarter  of  a  mile 
apart,  makes  it  possible  that  there  is  a  narrow  submerged  mocaSna  lASA  ire  did  not 

QUPDOwW* 

All  about  lower  Tebenkof  CUacier  and  throu^out  the  northern  end  of  Blackstone 
Bay,  there  is  thick,  mature  spruce  forest  extending  from  timber  line  to  sea  level.  The 
forest  ends  about  a  mile  north  of  Carroll  Glacier  on  the  western  side  of  the  bay  and 
at  Ripon  Glacier  on  tlie  eastern  side;  but  there  i.s  scattered  vegetation  be\  ond  this. 
Badger  Point,  for  example,  has  scattered  trees  and  thick  groves  with  individuals  ap- 
parently as  old  as  those  on  the  southern  part  of  WiUafd  Uand;  and  at  moderate  hei^fta 
above  sea  level  there  are  a  few  dunqps  of  good-sbed  spinoes  even  on  the  monntain 
spur  between  Beloit  and  Blackstone  Glaciers.  The  trees  nearest  the  glacim,  as  on 
Badger  Point  and  between  Beloit  and  Blackstone  Glaciers  and  near  Tebenkof  Glacier, 
arc  tall  and  well  formed,  but  some  of  the  trees  in  the  southern  part  of  Willard  Island 
are  much  stunted,  very  tliick  in  proportion  to  height,  and  with  limbs  only  on  the  north- 
em  side,  showing  that  in  exposed  places  the  glacier  wind,  here  from  the  south,  has  re- 
tarded tree  devdopment  Even  with  the  limitations,  wswmhling  the  oomfitiona  in 
southern  Hairiman  Fiord,  wkadk  of  course  lengthen  the  time  since  great  facial  apma- 
sioiw  the  abrupt  findt  of  matma,  thick  forest  on  Willard  Idand,  oniiwading,  as  it  doas^ 

«  Bdl.  44S^  U.  8.  GcoL  8wqr,       n.  n. 
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with  the  position  and  trend  of  the  terminal  moraine  to  the  east  of  this  island,  has  been 
i^arded,  both  by  Grant  and  Higgins  and  by  the  junior  author,  not  as  a  feature  rdated 
flHIier  to  dimate  or  soil*  but  ao  dear  ptoof  of  a  maximum  of  the  BladDitoiie^  Boloit, 
and  adjacent  glaciers  a  centuiy  or  two  ago.  Whether  this  followed  a  kng  period  of 
glacial  retreat  during  whidi  tJie  thick  forest  advanoed  to  Ihe  very  head  of  Blackstone 
Bay  is  unknown.  This  maximum  may  have  been  as  recently  as  1 16  ycfirs  apo,  for  Wh id- 
bey's  map  made  in  1794  shows  Blackstone  Bay  much  shorter  ("two  leagues  and  a  half" 
in  length)  than  in  1910,  though  it  is  not  detailed  enough  for  us  to  be  sure  of  the  condi- 
tiona;  and,  as  nnial  in  Vancoirrer^s  maps,  no  glaciers  are  shown.  Willard  Island  is 
not  indicated  at  all  in  the  1794  map. 

The  barren  zones  around  the  termini  of  Tdbenkflf,  BqMO,  Lawienoe  and  other  gla- 
ciers (bb.  Fig.  58),  with  their  youthful  shrubs,  attest  to  a  more  lecent  period  of  Un- 
cial change.  As  already  pointed  out,  this  was  double  in  the  case  of  Tebenkof  Glacier, 
whose  terminal  moraines  have  shrubs  1':^  and  18  years  old  respectively,  and  perhaps 
double  in  the  case  of  Bipon  Glacier,  in  whose  barren  zone  there  appear  to  be  moraines 
•ad  ahmhe  of  tiro  agei. 

Passaqb  Cakal 

General  Description.  Passage  Canal,  as  shown  in  Fig.  51,  is  an  irregular  fiord  from 
which  Port  Wells,  Blackstone  Bay,  and  other  branches  extend.  Tlie  outer  portion  from 
the  entrance  of  Blackstone  Bay  and  Port  Wells  eastward  to  Prince  William  Sound 
has  no  ice  tongues  whatsoever;  but,  as  we  have  seen,  there  are  numerous  glaciers  in 
Hm  fiords  that  hnmh  horn.  it.  The  inner  esrtendon  of  Passage  Canal,  called  Portage 
Bay  (Fig.  51),  abo  has  ice  tongues,  the  most  conspicno«is  being  two  good-eiaed  gla^ 
ders  on  the  northern  ride,  and  a  group  of  three  around  the  western  end  ^1g>  54). 
Since  none  of  these  reach  tidewater.  Portage  Bay  is  free  from  ioebeigs>  excepting  as 
they  occasionally  float  in  from  Blackstone  Bay  or  Port  Wells. 

Seth  Glacier.  This  glacier,  which  is  fed  from  tlie  sno^s'field  area  from  which  Pigot 
Glacier  flows  eastward  toward  Port  Wells,  extends  southward  with  a  length  of  about 
1}  milea  and  n  iridth  of  |  ndfei  teminating  a  Ktlfe  ovw  a  mQe  north  of  a  large 
eove  on  the  northern  side  of  Passage  CanaL  The  glacier  sucfaoe  is  dean,  with  one 
medial  moraine  near  the  western  side,  and  from  the  fiord  seema  to  be  little  crevassed. 
Its  condition  previous  to  1909,  when  Grant  and  Higgins  mapped  it  from  a  dis- 
tance, and  1010,  when  we  saw  it,  is  not  known  in  suflident  detail  to  describe  its  recent 
history. 

NM-Sheatiied  Mouniain  Slopes.  A  large  cirque  east  of  Seth  Oacier,  and  between 
400  and  500  fe^  above  sea  levd,  contains  an  ice  mass;  and  parts  of  the  mountain  slope 
between  tiiis  dvque  and  Seth  Glacier  contain  large  vM  fields  wfaieh  mantle  the  moun- 
tain slope,  making  a  type  of  glacier  amilar  to  the  thin  sheath  of  ice  on  the  slopes  around 
the  Harriman  Glacier,  and  between  glaciers  around  the  head  of  Blackstone  Bay.  A 
similar  n^ve  mass  east  of  Port  Wells,  and  just  north  of  Esther  Passage  has  been  given 
the  descriptive  name  of  Cap  Glacier  by  Grant. 

Billings  Glacier — The  Ice  Tongue.  This  is  the  largest  ice  tongue  in  Passage  Canal, 
having  a  length  of  over  f onr  miles  and  a  width  of  about  •  mile.  It  is  led  from  snonr- 
fielda  ndjeoMit  to  those  that  su|iii|3r  Seth  dader  on  the  east  and  Hairiman  Glader 
on  tiie  north  and  tenninataa  between  1  and  1|  miles  fnnn  the  fiord. 
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Bfllbgs  Gladflr  is  UuAy  dMa,  wifh  no  moninM  at  uay  die.  Iti  kmv  cod  has  a 
voy  modente  dope^  and  its  ftont  lias  ^ipanntlj  been  in  about  tfca  same  position  ' 

and  condition  in  1887,  when  it  was  first  shown  on  a  map  by  Applegate,  in  1898,  when  I 
some  of  the  army  officers  of  Glenn's  party  spoke  of  it  as  a  "dead  glacier."  in  1909  when  i 
it  was  sketched  by  Grant  and  Higgins,  and  in  1910,  when  it  was  seen  from  the  fiord  ! 
by  the  National  Geographic  Society's  expedition.  No  one  seems  to  have  gone  near  ] 
enough  the  glacier  to  study  it  in  detail. 

Tk§  VaBeif  Tram.  Hie  laigest  stieam  Imn  BiDingi  Glacier,  Cabin  Gieefc^  flows 
southwest  and  sooth  from  the  tetminus  of  the  i^bder  over  an  outwaah  gravel  plain 
or  valley  train,  receiving  the  stream  from  a  small  unnamed  glacier  on  the  west,  and 
entering  the  fiord  over  a  large  delta,  which  has  been  built  forward  nearly  a  quarter 
of  a  mile  into  Pjissage  (.'anal  The  larger  part  of  the  outwash  plain  and  delta  is  over- 
grown with  willows,  alders,  and  cottonwoods,  sliowing  not  only  that  the  glacier  has 
not  extended  down  to  the  fiord  for  many  years,  but  that  its  melting  does  not  supply 
as  nmdi  water  and  detntus  as  tonaedy  and  that  tiie  buildiBg  at  the  outwadi  of  tiie 
▼alk;^  tiain  is  now  going  on  slowly;  oCheiwise  the  stieanis  wouU  diift  badk  and  focth 
over  the  valley  bottom  and  destroy  the  vegetation. 

A  Marginal  Gorge.  Another  glacier  stream  from  Billings  Glacier  enters  the  fiord  a 
short  distance  to  the  northeast  (g.  Fig.  54)  and  is  of  special  interest  because  between 
the  glacier  and  the  fiord  it  flows  through  a  narrow,  steep-sided  rock  gorge  similar  to 
but  deeper  than  the  abandoned  gorges  on  the  northern  aide  of  Toboggan  Glacier.  The 
gorge  has  been  cut  so  neeily  down  to  sea  level  that,  thnm^  it,  glimpses  of  the  glacier 
smfsoe  may  be  had  from  the  fioid.  The  stream  seems  to  have  establbliad  tUs  ooutae 
at  a  time  of  greater  eaqutnsion  of  Billings  Glacier  when  the  ioe  was  several  hundred 
feet  thicker  than  now,  and  extended  high  enough  for  a  marginal  stream  to  establish 
the  j)resent  channel  across  the  rock  spur  into  which  it  is  deeply  incised.  The  glacier 
must  have  long  remained  in  this  more  expanded  condition  to  have  permitted  this 
gorge  to  be  cut  so  nearly  down  to  sea  levd  that  it  is  still  occupied  by  a  stream, 
althouf^  ^e  ice  tongue  long  ago  retreated  far  enougVi  to  raider  ^is  diannd  unnae- 
essary.  It  is  possible  that  this  expanded  stage  oocuired  at  the  time  when  tha 
Racier  at  the  head  of  Passage  Canal  extended  eastward,  receiving  HillinjK  Glacier 
as  a  tributary,  so  that  the  broad  valley  now  occupied  by  the  main  stream  on  the 
outwash  gravel  plain  was  entirely  filled  with  ice,  necessitating  the  cutting  of  this  mar- 
ginal channel. 

OMtrt  at  As  S«ai  qf  Patiag§  Canti-^ortaft  CSadtt  Past.  Itee  are  three 
See  tongues  at  the  western  end  of  Passsge  Canal,  of  wliidi  tiie  middle  one^  Portaca 

Racier,  is  the  largest.  It  is  of  particular  interest  because  it  occupies  a  low  pass 
acrass  the  Kenai  Mountains  which  was  habitually  crossed  by  the  Alaskan  nativaa 
and  by  the  Russians  previous  to  the  explorations  of  Vancouver  and  \Vhidbey  in 
1794,  and  probably  later.  The  glacier  now  fills  this  pass  but  it  has,  neverthe- 
less, been  used  as  a  highway  by  a  number  of  United  States  army  parties,  and 
in  1888  fay  many  prospectots.  Their  routi^  described  fay  Mwidfinhail,  led  three  quar- 
tets of  a  mile  over  an  outwadi  giavd  plahi  to  the  glacier,  up  Portage  Glacier  to  tlm 
divide,  and  down  the  oonnecting  through  glacier  on  the  western  side,  to  an  outwaA 
gravel  plain  at  a  distance  of  about  eight  miles  from  the  head  of  Tumagain  Arm,  a 
branch  of  Cook  Inlet.  The  total  length  of  this  portage  route  is  b^ween  12  and  IS 
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miles,'  thou^  the  isthmus  is  only  10^  miles  wide  in  a  stra^ht  line.  Davidson  has 
proposed  tluA  this  be  celled  midbcgr  Irthmns.* 
Ttoe  ie  abo  *  dUBenlt,  roandabout,  non-gbdal  loute  liom  tbe  delta  of  Cabin  Creek, 

on  Passage  Canal,  through  a  series  of  vaUgrB  to  the  north  of  Portage  Glacier  to  Code 
Inlet.  This  route  was  traversed  by  army  parlies  in  1898  and  1899.  Along  it  there 
are  several  small  ke  toqgiies,  shown  on  maps  by  KeUy  and  Herron,  but  not  otherwise 

described. 

Portage  Glacier,  Portage  Glacier,  as  described  by  Petrofif,  Mcndenhall,  Leamard, 
and  Caetner,  k  f ed  Ikom  anowfklde  tbat  lie  to  tbo  nor^  Tbeie 
aie  ^lee  tribntariei  fiom  fbe  eouflieni  aide  and  one  mt  two  £n»i  tb.e  nocOieni,  whldi 

unite  to  form  an  east-west  trending  glacier  between  4  and  5  miles  long,  }  to  ^  mile 
Made,  and  with  the  part  flowing  westward  towanl  Tumagain  Arm  much  the  longer. 
The  divide  in  this  saddle-like  glacier  is  about  a  mile  from  the  ca.'itcrn  terminus  at  an 
elevation  of  between  1000  and  1100  feet,  and  both  divisions  of  tiie  f^hicier  slope  mod- 
erately, excepting  at  the  divide,  which  has  a  steep  slope  on  the  eastern  side.  Each 
tenmnna  lies  afanoat  at  eea  levd,  tiumi^  aome  dietanee  back  from  it 

Portage  Glacier  is  beet  shown  upon  the  army  officer's  1898  maft  and  upon  the  mi^ 
made  ill  1909  by  Grant  and  ITiggins  (Fig.  51).  It  is  also  shown,  less  in  detail*  OA  the 
1898  map  published  by  Mcndenhall  and  copied  on  TTamilton's  map.'  and  on  a  second 
U.  S.  Geological  Survey  map  *  where  the  eastern  terminus  of  Portapc  Glacier  is  shown 
incorrectly  as  a  tidal  glacier  ending  in  Passage  Canal.  This  error  has  also  been  followed 
in  a  Coast  Survey  chart 

AiMmet  rf  P»ta§§  Qbuur.  When  lientenant  midbegr  arrived  at  tfae  head  cf  Fto- 
aage  Canal  on  June  7, 1794,  Vanoonver  states  that  he  found  that  he  '*had  approached 
within  twdve  miles  in  a  direction  S.  60  W.  of  the  spot  nhere  .  .  .  (he)  had  ended  his 
examination  of  Turnagain  Arm.  The  intermediate  space  was  an  isthmus  so  frequently 
alluded  to  before,  on  either  side  of  which  the  country  was  composed  of  what  appeared 
to  be  lofty,  barren,  impassable  mountains,  enveloped  in  perpetual  snow;  but  the  isth- 
mus itself  was  a  valley  of  some  breadth,  whidi,  though  it  contained  devated  land* 
-was  vciy  free  fkom  snow,  and  appetand  to  be  peifectiy  easy  of  access;  a  little  to  tho 
eastward  of  this  valky,  a  nspad  stream  of  fresh  irater*  rushed  down  a  guUy  in  the  loflgr 
mountains,  and  foond  its  way  to  the  sea  through  a  margin  of  low  land  extending  from 
the  base  of  the  mountains,  and  producing  pine  trees,  cranberries  and  a  few  Other  shrubs. 
On  the  western  point  of  entrance  into  this  brook  was  a  small  house.    .    .  . 

This  house  and  the  general  appearance  of  the  country  removed  every  doubt  of  their 
■tnatka  bemg  then  on  the  eastern  side  of  that  pass,  by  which  the  Bussiana  maintain 
«  ciffmmnnSffatifln  between  thev  srttlements  in  these  two  extennve  inlets.  Mr.  ^Vhid* 
bQT,  however,  for  his  farther  satisfaction,  was  very  desirous  of  funding  the  road  or  patii 
by  which  the  intercourse  was  carried  on;  and  although  he  was  unsuccessful  in  ascer^ 
taming  this»  yet  it  did  not  ^ipear  to  him  that  9Mty  particular  track  was  necessary,  as 

>lWr,  B.  A  and  llwliii,  iMwrmet,  Aansli  Amoc  Amr.  0«wp>plMi»  ToL  II,  10II»  pp.  »•»  tad 

Pig.  1  on  p.  27. 

•  Davidaon,  George,  Op.  at.,  p.  24. 

•  Fl.  n  in  Bdl.  ATT,  TJ.  8.  GeoL  Sorv^,  IMW. 

•  Fl.  I  b  Bull.  327.  U.  S.  Geol.  Survey,  1907;  see  aUo  Gout  sad  Gsod.  Snnrqr,  Ghitt  9580,  IMa. 
«  CiOiia  Ciwlb  the  luiest  stnuK  fkom  BiUiqp  GiMhr. 
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llie  vaDiijr  lias  a  tolerably  even  surface,  and  was  nfiarly  destitute  of  any  vegetahb 
prodnctumis,  and  waa  tqvuSfy  paasaUe  in  all  dinetaoiii.  Ita  aitaatiaii  and  fhaiftpr 
oomflponded  also  with  the  deao^ptioii  el  it  i^vea  bgr  die  BiiaBiaiia»  and  Sfe.  Whidbcy'a 
mensuration  agreed  neazly  vith  the  distanee  aooaa  as  stated  by  ttieiii*  namely,  about 

ffzteen  versts," 

Before  1880  when  Petroff  made  journeys  in  this  part  of  Alaska  wliile  taking  the  census, 
and  1887  when  Applegate  visited  the  head  of  Passage  Canal,  the  Portage  Glacier  had 
apparently  advanced  and  occupied  Whidbey's  "vaU^  of  some  breadth,"  n^kb  ca» 
tained  "devated  land,"  and  was  "very  fitee  frank  anew  and  appealed  to  be  peifedty 
easy  of  access,"  leaving  a  ''tolerably  even  surface,"  "neariy  destitute  of  any  vegetable 
productions,"  and  "  equally  passable  in  all  directions."  PetrofT's  de5?cription  indicates 
that  a  great  glacial  aclvanoc  had  taken  place,  for  he  states  that  a  "glacial  formation 
forms  the  portage  route  between  Chugatch  bay  ^  and  Cook's  Inlet";  and  he  shows 
the  glacier  on  his  map  of  1880,  much  as  at  present.  Applegate's  map,  based  upon  a 
close  observation  from  bis  schooner  in  June,  1887,  has  the  Portage  Glacier  joining  Iks 
one  from  the  north  and  coding  on  the  land  just  west  of  the  head  of  Passage  CaaaL 

Althoui^  admitting  a  leasonaUe  doubt  that  Whidbegr  may  not  have  known  a  vaBqy 
glacier  when  he  saw  one,  we  feel  rather  certain  that  a  great  advance  had  taken  place. 
It  is  clear  that  the  portage  route  used  by  the  natives  and  the  Russians  was  not  the 
non-glacial  route  traversed  by  army  parties  in  1898  and  1899,  although  this  starts 
from  near  the  Russian  house  at  the  mouth  of  Cabin  Creek  on  the  delta  of  the  stream 
from  IKllings  Glacier.  TUs  seems  certain  becanae  (a)  thia  raute  ia  too  long,  and  (b) 
ipiUiin  1|  miles  of  Cabin  Cieck  it  goes  over  n  SOOO^oot,  snoir-covered  pass.  QmA 
a  route  could  not  have  been  traversed  habitually  by  the  natives,  taking  thor  canoes 
with  them;  and  that  this  was  the  case  at  the  time  of  Whidbey's  exploration,  is  indi- 
cated by  Vancouver's  statement  that  in  1794  Lieutenant  Johnstone  encountered  some 
strange  natives  in  eastern  Prince  William  Sound  and  "clearly  understood  that  the 
strangers  had  come  immediately  from  Groosgincloose,  or  Cook's  Inlet,  and  ihal  they  ' 
wUh  Uitir  cano09,  had  tn9$$d  Ihe  idkmnu  owrlond  tkal  mponitt  Unit  iamifram  IWn- 

NdUicr  does  it  seem  probable  that  the  natives  carried  canoes  over  the  Porti^  Gla- 
cier as  at  present,  for  it  ascends  so  steeply  east  of  the  divide  that  in  1898  the  prospectors 
had  to  use  ropes  and  pulleys  in  drawing  their  sleds  up  over  tlie  last  ascent.  Moreover. 
Alaskan  natives  are  notoriously  timid  about  tnisting  themselves  on  glaciers.  None 
of  Vancouver's  maps  show  glaciers,  even  where  they  existed,  but  they  are  usually  men- 
tioned, SO  tiint  we  feel  quite  confident  that  in  1^  there  was  no  Portage  CSncier  of 
anything  like  the  present  dimensions.  Judging  by  his  other  dwnipiions,  Wlndbcgr 
would  not  have  described,  in  the  language  quoted,  a  valley  that  contained  a  glaciar 
with  an  ascent  in  Uie  first  mile  to  over  1000  feet,  and  with  the  terminus  on^  three- 
quarters  of  a  mile  from  the  coast  where  he  stood. 

It  therefore  appears  probable  tliat  before  ITO-t  the  through  valley  in  which  Portage 
Glacier  now  lies  was  free  from  glacier  ice,  though  the  tributary  glaciers  doubtless  ex- 
isted as  separate  ioe  tongues.  If  this  interpretation  of  the  discrepancy  between  pi  LmM 
conditions  and  earlier  descriptions  is  coRect,  there  has  occurred  here  between  17M 

'  AttflU  MBS  iof  RIdm  vnuiiu  ^""""P- 
•TIm  HdicB  an  Vaaaoafw^s. 
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•ad  1880  an  advance  of  from  one  to  three  milefl*  hy  the  foiwaid  mofvemeiit  and  union 
of  the  two  ade  ^maea,  thus  lUlhig  the  paw  with  a  double^nded  thioQ^  Racier. 

SiaQnaiion  in  Recent  Ttart.  We  have  no  evidence  of  changes  in  Portage  Glacier 
between  1880  and  1887,  nor  between  1887  and  1898.  From  1898  to  1909,  when  the 
eastern  end  of  the  glacier  was  mapped  and  briefly  described  by  Grant  and  Higgins, 
there  was  Httle  change  (Fig.  51),  and  between  1909  and  1910  there  was  no  noticeable 
change.  In  the  latter  year,  the  glacier  surface  had  little  morainic  d^bria  and  there 
were  DO  oonapicuoas  moninea.  As  aocms  to  have  been  the  oaae  thronghoat  its  recent 
hiftoiy,  the  ioe  at  the  tune  of  our  viait  was  caSy  modsnt^  cnraased.  We  observed 
no  barren  aone  azoond  the  {^ader  boiden^  and  mature  trees  on  parts  of  the  ontwaah 


IkkM.  Mi»SBOimMbnmPaamirovPAaiieBCAiuL(tauaaBiT)innSoon^^ 

Soundings  k  fast  BubmanBd  coatoiir  fatcrvd,      fett  (Onlliaifif  ooMt  sad  ftodm  after  Gnat  and 

Uiggina.) 


j^rravel  plain,  between  the  glacier  and  the  head  of  Passage  Canal,  show  that  it  ooukl  not 
have  reached  tidewater  at  any  time  in  its  recent  history. 

Lecirnard  Glacier.  I^mard  Glacier,'  a  smaller  ice  tongue  north  of  Portage  Glacier, 
terminates  within  a  quarter  of  a  mile  of  the  hord  (Fig.  54),  to  which  it  sends  a  stream 
over  the  ontwesh  gmrd  plun  m  front  of  Portage  Glacier.  The  Racier  slopes  with  a 
vesy  low  grade  and  ends  in  the  mouth  of  a  deq>,  nanow  valkisr.  It  is  consideraMy 
encumbered  with  morainic  d6bris,  so  that  its  terminus  is  dark. 

Detached  Ice  Mass.  Between  the  terminus  of  the  glacier  and  the  head  of  the  fiord 
is  a  large,  irregular-shaped  hill,  which  from  a  distancx?  looks  like  a  mine  dump,  but 
which  is  really  a  detached  mass  of  ice  covered  over  with  angular  ablation  moraine, 
including  much  black  slate.   This  debris  has  retarded  melting  during  the  period  since 

i  Named  in  1910  lor  lieuL  II.  G.  Leamard. 
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the  MemaM  was  sepamted  from  the  nuun  glacier.  *V  f«rr  f '1  r  r  rii  Tiimminf  ' 

and  Portago  Glaciers  preclude  the  ptmabOitj  that  tiiia  detadied  iee  lenmaat  was  aop- 

plied  hy  Portage  Glacier. 

The  Learnard  Glacier  has  continued  to  melt  back  for  the  last  twelve  years,  for  while  j 
in  1909  the  terminus  was  dark  w4th  d6bris,  in  1898  it  was  white  ice.  The  detached  ice 
mass,  however,  haa  dianged  very  littfe  anoe  189S,  lor  MendeohaU  and  Gieon  de-  i 
aeribed  it  vividly,  in  language  iriudi  in  all  cuntial  VHpecta  depicts  the  1910  eonditioiH. 
Yet  that  it  is  slowly  wasting  away  is  proved  fay  its  ineguhur  snifaoe,  due  to  afami|»ing 
and  by  the  almost  complete  absence  of  v^etation  on  its  surface.  To  show  the  condi- 
tions in  1898,  wc  pWe  Mendfinhairs  desciiptioii,  then  that  ol  Glean,  which  lumiabes 
a  few  additional  items. 

*'This  little  glacier  illustrates  veiy  well  the  rapidity  of  the  ice  retreat  and  shows  us 
the  processes  whose  lesnlts  only  remain  in  pOTtions  ol  tiie  New  England  tandseiq^ 
One  quarter  of  e  mile  out  from  its  present  tenninus  is  a  hillodc  SSO  feet  high  and  half 
n  mile  long,  with  its  longer  axis  parallel  with  the  glacier  front.  It  is  now  separated 
fnnn  this  latter  by  an  open  valley  paved  with  bowlders.  At  first  sight  this  elevation 
was  supposed  to  be  a  simple  terminal  moraine,  but  upon  examination  it  proved  to  con- 
sist mostly  of  ice  deei)ly  covered  with  angular  debris,  which  is  also  disseminated  through 
it.  This  remnant  of  the  glacier  seems  to  stand  near  a  position  which  the  ice  front  occu- 
pied kag  cnou^  to  become  covered  by  a  sufficiently  thick  mantle  of  protective  dfibni^ 
so  that  melting  was  not  so  rapid  as  in  the  less  well-protected  part  of  the  glacier  just 
back  of  the  front.  The  separation  from  the  glacier  was  probably  facilitated  by  the 
exit  of  the  subglacial  stream  through  a  timnel  back  of  the  protecting  mantle.  The 
combined  melting  from  above  and  below  soon  removed  this  neck,  leaving  the  form« 
front  isolated  as  it  stands  today.  Since  its  isolation  it  ha.s  been  shrinking  each  summer, 
and  now  occupies  less  than  half  of  its  original  area.  iVround  its  seaward  side  is  a  belt 
of  rough  ground  of  ali|^t  relief  covered  with  angular  and  unsorted  mnterial,  wbSA 
has  been  let  down  into  position  by  the  mdlting  of  the  ice  firant.  The  enter  tim  of  this 
zone  is  somewhat  hif^r  than  the  inner  portion,  giving  it  the  form  of  a  shallow  amphi- 
theater facing  the  remnant  of  the  glacier  which  remains.  The  stability  of  the  position 
of  maximum  advance  for  a  short  time  due  to  the  balance  between  flow  and  melting 
at  the  front  accounts  for  the  slightly  greater  accumulation  there  and  the  building  of 
the  low  rubble  wall.  i 

These  recent  glacial  details  of  topography  the  more  striking  since  they  are  bnflt 
upon  a  smooth  watei4aid  deposit  of  rdativdy  fine  mateiiaL  Tbls  delta  is  of  the  type 
which  usually  fonns  before  glacieis  in  these  fiords,  and  gives  about  the  only  levd  areas 
to  be  found  near  sea  level  in  a  region  of  sharp  topographic  forms.  At  its  outer  margin 
a  sliort  distance  seaward  from  low-tide  level,  the  delta  slopes  abruptly  to  the  profound 
depths  so  often  found  in  these  inlets." 

Glenn  states  that  in  1898  the  stagnant  ice  block  consisted  of  a  *'detadied  or  isolated 
hill  not  far  from  tide-water,  and  contains  not  to  enseed  £  acres  of  surface  on  its  topt. 
It  b  surrounded  at  a  distance  of  from  SO  to  50  yards  from  its  base  with  a  pile  of  rodta 
or  bowlders,  which  evident^  marks  its  original  size.  From  this  circle  this  moraine  has 
gradually  receded  for  a  number  of  years,  due  to  the  action  of  the  elements.  Within 
this  circle  of  bowlders  others  have  been  deposited,  but  in  no  regular  order.  Tlic  top 
and  sides  of  this  moraine  are  covered  with  a  collection  of  dirt  and  stones  to  a  d^th  i 
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cf  aenreral  feet  In  the  northaMt  oomer  tiicie  is  m  ciieiilar  opening  tliat  dunrB  a  elear, 
blue  ioe.  At  the  bottom  of  this  we  discovered  two  caves  ninning  for  an  unknown  dis- 
tance into  the  ioe.  In  front  of  this  opening  tnov  hu  drifted  to  a  depth  of  30  to  50  feet." 

The  preservation  of  such  a  detaclied  ice  mass  for  a  period  of  over  twelve  years,  as 
a  result  of  the  protection  afforded  by  a  thin  cover  of  ablation  moraine,  is  a  matter  oi 
considerable  interest. 

A  Cateaimf  GVoeiar.  Tbe  ioe  tongue  eaal  of  Portage  Glacier  ia  a  raariading  leader, 
headiiig  in  anowfidda  from  ifiudk  also  the  aouthem  tributaries  of  Portage  Glacier  de- 
aBend  northward,  and  the  Carroll,  Concordia,  and  Milton  Glaciers  of  Bladatone  Bay, 
eastward.  It  descends  part  way  down  the  fiord  wall  and  terminates  several  hundred 
feet  above  sea  level  three  fourths  of  a  mile  from  the  shores  of  Passaf^e  Canal.  Men- 
denhall  described  it  m  a  glacier  which  "spills  over  the  mountain  rim  2000  feet  above 
tide  in  an  ice  cataract,"  and  in  1910  it  was  much  tlie  same.  A  number  of  small  streams 
wiUi  waterfalls  drain  this  caacadtng  glacier  and  are  atOl  buildiiig  ectenaive  outwarii 
gra'vcl  dqEMaitSt  vfaich  end  in  a  projecting  ddta  on  the  aouth  side  of  the  fioid,  near 
ita  head.  Around  the  borders  of  tfaia  cascading  glacier,  whidi  is  clean  and  severely 
envassed,  is  a  moderate-sized  barren  lone,  showing  that  the  glacier  has  recently  been 
more  extensive  than  at  the  present  time.  There  are  several  small  ioe  masses  ending 
high  on  the  mountain  slope  east  of  this  cas<  ading  glacier. 

Glacial  Erosion  in  Pottage  Canal — Fiord  Walls.  That  Passage  Canal  has  been  in- 
tenadisr  giacialed  is  proved  bgr  the  pronounced  glacial  smoothing  and  atriation.  Hue 
northern  waB,  near  the  head,  has  broad,  eaatwaid*despfaiding  rode  bcndiee  (PL  uaxJlI), 
tOOO  feet  or  more  above  sea  levd»  showing  a  minimum  height  to  which  it  has  been  gla- 
ciated, and  proving  that  the  ice  moved  eastward  in  Passage  Canal.  The  northern 
side  of  the  fiord,  from  Portage  rilaeier  to  Blaekslone  Bay,  is  much  steeper  than  the 
southern,  which  has  projecting,  untruncatetl  .spurs  and  some  islands,  suggesting  that 
the  main  ioe  stream  moved  with  more  power  on  the  northern  side.  There  is  no  essen- 
tial difference  in  the  degree  of  oversteepening  of  the  ncnthem  fiord  waU  to  the  east  and 
west  of  Seth  Glacier  eove^  although  the  walls  in  the  portion  to  the  east  are  granite, 
and  in  the  portion  to  the  west  gra^-wacke  and  slate. 

Cirques  and  Hanging  Valleys.  The  einjue  east  of  Seth  Glacier  is  one  of  several  such 
fontis  in  Passage  Canal,  excavated  by  glacial  erosion.  The  cascading  glacier  east  of 
Portage  Glacier,  and  several  others  near  it,  are  in  hanging  valleys.  The  valley  of  Bil- 
lings Glacier  is  apparently  cut  down  to  sea  levd  but  may  have  a  discordant  relationship 
to  the  fiord  bottonL  SeOi  Glacier  ia  in  a  hanging  vallesr,  in  the  lip  of  idiidi  the  stream 
baa  cut  a  deep  rock-walled  gorge. 

Through  Valley.  The  most  conspicuous  work  of  glacial  erosion  above  sea  level  is  in 
the  tlirough  valley  occupied  by  Portage  Glacier  (I'l.  CXT.IV).  This  has  been  cut  well 
down  toward  sea  level,  forming  the  only  low  pass  across  the  Kenai  Mountains,  whose 
other  passes  are  8000  feet  or  more  high,  and  whose  snowfields  and  peaks  rise  to  a 
general  elevation  of  five  or  six  thousand  feet. 

SvAmmint  Topogram  Iff  ih»  Fiord.  Hie  fiord  ia  576  feet  deep  near  ita  head  at  a  point 
within  half  a  mile  of  the  outwaah  gravel  plam  of  Portage  Glader  (Fig.  54),  and  the 
bottom  slopes  at  an  average  rate  of  60  feet  to  the  mile.  It  is  1176  feet  deep  near  the 
entrance  of  Blackstone  Bay,  ten  miles  to  the  east.  Eight  miles  farther  east,  outside 
the  entrance  of  Port  Wells  (Fig.  49),  the  depth  is  14S8  feet,  the  bottom  slope  having 
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deCNMed  to  80  feet  to  the  mile.  Tim  svcnige  bottom  slope  for  18  miles  is,  therefore, 
concave  upward  and,  like  a  stream  course,  steepest  at  the  head.  The  lines  of  soundings 
across  the  fiord  opposite  the  mouth  of  Blackstone  Bay,  and  east  of  Port  Wells,  show 
that  it  has  a  broad  flat  bottom;  and  the  typical  steep  walls  of  the  visible  portion  of 
iloni  iM  Qonlinued  bcloir  am  level,  a  depth  of  1170  feet  being  found  a  quarter  mile 
frooi  the  northern  Aon  just  west  of  Pt  Figot 

Time  are  two  conspicuous  intenuptions  of  the  slope  of  the  fiord  bottom  (Fig.  54)» 
one  near  the  delta  of  Billings  Glacier,  where  the  water  is  only  540  last  deep,  thus  rising 
216  to  264  feet  above  the  fiord  bottom  on  either  side.  The  other  is  opposite  the  mouth 
of  the  cove  of  Seth  Glacier,  where  the  water  is  only  666  feet  deep,  thus  rising  392  to 
390  feet  above  the-  adjacent  bottom.  These  may  be  either  submerged  moraines  or 
ledget  belmai  ndc  IimIim  in  Hm  fioid  botton,  due  to  glacial  eioeiaii,  and  infonnatioa 
»  not  available  for  detomining  between  these  two  powibflitiei.  It  k  Botemcthj  that. 
m  m  other  fiords  of  Prince  William  Sound,  eadi  of  theee  irregolaBtaee  eoniee  near  wheae 
the  trunk  glacier  formerly  received  a  tributary. 

In  addition  to  the  visible  hanging  valleys  along  the  fiord  walls  above  sea  level,  there 
are  probably  also  submerged  hanging  valleys.  The  cove  of  Seth  Glacier  on  the  northern 
side  of  the  hord,  the  cove  southwest  of  it,  on  the  opposite  side  of  the  fiord,  and  a  number 
of  amaUar  iadeatatiflni  «w  wupectod  to  have  ^is  idatfawwhip,  though  soondiip  were 
BOtmade.  Bladntone  Bay  may  have  a  afi^tly  dieeotdant  reiatioiMhip  to  PlMige  Canal 
(M  feet),  though  this  is  thought  doabtfiii»  beeanse  the  combined  Tebenkof  and  Black* 
atone  Bay  Glaciers  must  have  nearly  or  qjuite  aqaalled  the  f onner  Petjge  Canal  Gleciar 
both  in  volume  and  in  erosive  power. 

Sparseness  of  Glacial  Deposits.  There  is  conspicuous  absence  of  glacial  deposits  in 
Passage  Canal.  The  uutvvash  gravels  of  the  Billings  Glacier  valley  train,  with  the 
huge  delta  at  its  temunns,  and  the  ootwaah  flat  at  the  head  of  the  fiord,  near  Portage 
Racier,  ate  the  only  dqMMits  of  any  liaa  above  lea  level,  dthou^  then  ie  the  imai 
inegularly  distributed  veneer  of  ground  moraine.  Bfontien  has  already  been  made  of 
the  540  and  666-foot  submarine  ridges,  which  may  represent  submerged  moraines  due 
to  halts  of  the  south  west  ward  retreating  ioe  toogue  of  Passage  Canal  if  they  are  not 
rock  swells  associated  with  eroded  basins. 

Vegetation.  Mature  forest  at  sea  level  extends  up  to  the  very  head  of  this  AoikI* 
and  there  is  no  suggestion  of  recent  facial  excepting  the  small  baneo  moam 

of  thecaaeading|^acicrandthediBtadied,mofsine  covaredieeblodkfatfgoBtflf  Tifiamnyd 
Glacier.  These  are  but  minor  eioq[>tions,  and  the  foNSt  trees*  wtSdk  attain  a  diameter 
of  a  foot  or  two^  show  that  the  genenl  i^aciation  was  oentaries  ago. 

CocEBANS  Bat 

This  fiend  is  just  east  of  Bladcafcone  Bay,  and  might  be  ooMideied  a  muthwawl  ax- 
tension  of  Pott  Wells,  across  Passage  CaaaL  It  is  If  to  4  nules  wide»  U  mileB  kaag^ 
and  its  head  is  within  4  or  5  miles  of  the  Applegate  Arm  of  Port  Nellie  Juan  fiord  to 
the  south.  Glacial  erosion  has  doubtless  given  Cochrane  Bay  much  of  its  present  form 
and  depth,  the  water  being  1428  feet  deep  near  its  mouth  which  joins  Passage  Canal 
with  accordant  grade,  as  docs  Port  Wells  to  the  north. 

Whidbey  in  1794  sketched  the  outlines  of  this  bay;  and  Vancouver  speaks  ctf  it  aa 
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buy  about  •  league  and  a  balf  wid^  and  about  three  miles  deep  in  a  aoufh  dneetion, 
iriiere  it  was  terminated  by  a  nmilar  boundary  of  ioe  and  fnmmk  wmm  as  before  de- 
scribed reaching  from  a  compact  body  of  lofty  frozen  mountains  to  tho  water's  edge." 
Grant  and  Higgins  infer  that  this  description  refers  to  either  Tebenkof  or  Blackstone 
Glacier;  but  neither  the  text  nor  the  map  seem  to  us  to  harmonize  with  this  inference. 

None  of  the  later  eiq>lorer8  described  a  lidal  glacier  in  this  bay  and  it  has  no  tidal 
ghden  at  preeent  and  if  free  from  floating  ice.  Iliree  glacial  itveams  flow  into  Coch- 
rane  Bay  from  the  western  ride;  (1)  a  stream  from  the  easteim  lobe  of  Tebenkof  GlacMr; 
(S}  one  from  a  small  glacier  in  the  mountains  between  the  Tebenkof  valley  and  Codurane 
Bay;  and  (S)  one  from  the  larger  Rainy  Cincier  (Fig.  56),  whidi  extends  northeastwanl 
fitom  the  snowfields  near  the  head  of  Tebenkof  Glacier. 

Near  the  mouth,  at  least,  Cochrane  Bay  has  thick  mature  forest,  but  since  we  did 
not  see  the  conditions  near  the  head,  we  do  not  know  whether  there  is  such  young  vege- 
tatioii  as  to  support  llw  tiieoiy  of  a  tidal  i^aeier  havii^  letwated  aoatttwaid  more  than 
eight  miles  since  1794.  The  divide  behrecn  Codutane  Bay  and  Port  Nellie  Juan  is 
said  by  Grant  to  be  less  than  200  feet  high,  making  it  dear  that  idien  the  Port  WeOs 
and  Passage  Canal  ice  tongues  filled  Cochrane  Biy  wMi  iee  the ffipawded  glacieripilled 
over  southward  into  the  Port  Nellie  Juan  fiord. 

Cuzaoaa  PAasAOB 

Culross  Passage,  a  narrow,  crooked  channel  east  of  Codirane  Bay,  extends  southwaid 

from  Passage  Canal  to  Port  Nellie  Juan.  It  is  nearly  11  miles  long  and  from  a  few 
hundred  feet  to  a  mile  wide.  There  is  a  branch  inlet  2^  miles  long  on  the  western  side. 
Culross  Island,  forming  the  eastern  side  of  Culross  Passa^'e,  rises  to  a  height  of  1  or  2 
thousand  feet,  and  the  mainland  on  the  west  is  even  higher,  but  the  passage  is  not  fiord- 
fike^  having  gradually-sloping  walls  in  most  places,  and  in  some  port&ms  having  veiy 
loir  land  near  its  shoies. 

At  one  point,  hoiraver,  tihere  are  moderately  hi^  precipitous  cliffs.  About  half  way 
through  the  passage,  the  soundings  show  a  siibmerged  divide,  with  depths  of  66  to 
78  feet,  contrasting  with  depths  of  342  and  386  feet  at  the  northern  and  southern  ends, 
the  former  hanging  1062  feet  above  the  bottom  of  Passage  Canal.  This  is  interpreted 
as  indicating  that  most  of  the  Port  Wells  and  Passage  Canal  ice  moved  eastward  into 
Prince  William  Sound,  while  little  ioe  streamed  southward  thrai^  CuboM  Psssage, 
whidi  was,  therefore,  not  deepened  mudi  and  has  many  unconsumed  rock  reefs.  At 
the  time  of  maximum  glaciation,  however,  when  Passage  Canal  and  Port  Nellie  Juan 
were  filled  with  great  glaciers,  this  passage  was  undoubtedly  full  of  moving  ice.  As 
seen  from  either  Passage  Canal,  Culross  Passage,  or  Port  Nellie  Juan,  Culross  Island 
looks  as  if  it  had  been  completely  overridden  and  rounded  at  the  e^anded  stage  of 
glaciation. 
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The  remaining  glaciers  of  Prince  William  Sound  are  those  in  (1)  Port  Nellie  Juan* 
(2)  Icy  Bay,  (3)  the  islands  of  southwestern  and  southern  Prince  William  Sound,  and 
(4)  the  fiords  on  its  eMtem  side.  Port  Nellie  Juan  and  Icy  Bay  are  fiords  south  d 
Paunage  Canal  in  wbkk  tecminate  good-dbed  ^aden  from  the  snowfields  ol  the  Ktati 
Poninsula.  Tben  am  amall  loeal  ^aders  on  Kni^t  and  Montague  UaiMb,  ifhich  are 
respectively  east  and  southeast  of  Icy  Bay.  The  fiords  on  the  eastern  side  of  Prince 
William  Sound  contain  small-aiaed  ^adeta^  friiidi  extend  matwaid  horn  the  anowfieUs 
ol  the  Chugach  Mountains. 

AcOUiOWUBNIIOBm 

The  Natioiial  GeogiaiJiie  Soeieiy 'a  1010  eeqwdition  did  omdi  leas  woric  on  tiie  fllaaen 
deacribed  in  this  chapter  than  in  the  other  parts  of  Prince  WilUam  Sound,  and  the  dis- 
cusson  will,  therefore,  be  very  brief,  eapedaUy  as  the  ice  Umgam  are  nmdi  anMiler  thai 

thoae  in  the  fiords  thus  far  described. 

Acknowledgment  has  already  been  made  of  tlie  full  use  of  the  photographs,  maps,  and 
bri^  reviews  of  results  of  work  by  Grant  and  Uiggins,  which  we  had  for  use  in  the  field. 
WUle  writing  the  final  draft  of  this  diapter  we  also  had  before  us  their  pieltminaiy 
account,  puMiAed  in  1011,  and  have  made  use  cf  their  results  for  the  genenJ  deacriptjea 
cf  the  f^adenirilidi  is  necessaiy  for  an  understanding  of  the  brief  observations  and  inter- 
pretations we  were  able  to  make  in  1910.  The  failure  of  our  supply  of  gasoline  made  it 
necessary  to  confine  our  detailed  field  work  to  the  glaciers  in  the  outer  portions  of  Port 
Nellie  Juan  and  Icy  Bay,  and  to  abandon  all  sounding  after  leaving  Passage  Canal  and 
Cukoss  Passage.  Our  description  of  the  ice  tongues  in  Port  Nellie  Juan  and  Icy  Bay  is 
suiq>lemented  by  the  woric  of  Grant  and  Higgins,  and  by  eaiAer  obaoratioos  of  Pottiodc, 
Vanoonver,  SetonKarr,  Applcgate,  Glenn,  Peridns,  and  others. 

The  descriptions  of  the  glaciers  of  Kni^t  and  Montague  Islands  and  of  the  fiords  of  i 
eastern  Prince  William  Sound,  which  no  one  has  thus  far  visited,  except  for  a  huirisd 
trip  up  Port  Fidalgo  by  Sclirader,  are  based  u])on  our  views  from  a  distance.  | 

The  charts  of  Uie  United  States  Coast  and  Geodetic  Survey  furnish  data  for  the  intei^  , 
pretation  of  submarine  topography,  the  latter  topic  being  partly  postponed  for  discussion  ' 
in  the  chi^ter  on  the  gladation  of  Prince  William  Sound. 

PoBT  NsLLXS  Juan 

Topography.  Port  Nellie  Juan,  which  is  connected  with  Passage  Canal  by  Culross 
Tmmgp,  oooflista  of  thrce  parta>-(a)  a&  outer  pottkn*  iRoding  notthflaat-aoBthwBit 
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Ikom  Fkinoe  WHKmii  Sound,  ivith  a  kngdi  of  1£  milef  ud  «  width  ol  tto4  mikt;  (b) 
a  middle  portioii  trending  nearily  at  ri^t  angloB  with  tlie  last  and  having  a  length  of  0 
miles  and  a  width  of  about  2  miles;  and  (c)  an  inner  portion,  called  Appkgate  Arm,  extend- 
ing at  right  angles  to  the  last  and  ncariiy  parallel  to  the  outer  divirioii»  with  a  length  ol 
18^  miles,  and  a  width  of  2  or  3  miles. 

At  the  southern  end  of  the  outer  portion  is  the  cove  containing  Nellie  Juan  Glacier,  and 
Blue  Herd,  at  the  head  of  which  is  intramariBe  Glacier.  A  ted  etfled  HcGhue  Bay 
BefftBthernofllieasL  ^th  the  eKoq»lion  of  Contact  Glacier  on  ^southern  side  then 
are  no  ioe  tongues  close  to  the  shore  of  the  aeoond  section  of  the  fiord,  which  has  several 
indentations.  Applegate  Ann  has  three  ice  tongues  on  the  western  side  and  fi\  e  on  the 
eastern.  The  Kenai  Mountains  near  this  fiord  lise  to  heights  ol  four  or  five  th^T**lMl 
feet,  with  peaks  that  are  e%'en  higher, 

Obtervations  of  Glaciers.  The  observations  of  the  ice  tongues  of  Port  Nellie  Juan 
began  in  May,  1887,  when  Applegate  diacpyered  and  aqploied  tills  fiord*  making  a  map 
wiudi  was  fiiat  nprodnoed  1^  Davidson.*  i^plegate  pnbHslied  no  deseiiption  of  the 
glaciers. 

In  August,  1908,  Grant  and  Higgins  spent  two  days  in  this  inlet,  making  a  map 
(Fig.  55),  taking  maqy  photographa>  and  making  the  obaervationa  which  are  quoted  in 

this  chapter.* 

The  junior  author  spent  August  6  to  8,  1910,  in  Port  Nellie  Juan,  visiting  the  Nellie 
Jmn  Glaeiar  and  seeing  Ufoamaiine  and  GottereU  GMeR  from  a  diatanffe,  As 
already  stated,  we  were  unable  to  make  soundings  or  to  visit  Applegate  Arm. 

Nellie  Juan  Glacier — The  Ice  Tongue.  Nellie  Juan  Glacier  rises  in  unei|rfored  anow* 
fields  of  the  Kenai  Mountains  (Fig.  55),  flowing  northeastward  to  a  cove  on  the  southern 
aide  of  the  fiord,  with  a  known  length  of  over  3  miles  and  a  width  at  the  terminus  of  a 
mile.  West  of  it  a  smaller  glacier  descends  from  the  same  snowfield.  Nellie  Juan 
Glacier  is  only  moderately  crevassed,  has  a  low  terminal  slope,  and  two  miles  from  the 
terminus  la  led  by  two  good-aiaed  tribntariea.  the  laiger  branch  being  on  the  northem 
aide.  The  core  m  iriiich  thia  ^ader  termmatea  ia  about  8|  milea  long,  and  H  tot 
miles  wide.  Although  the  glaciar  mUndB  down  to  tin's  cove,  the  terminal  ice  cliff  of 
1010  did  not  reach  the  sea  at  low  tide  except  in  a  small  V-shaped  indentation  near  the 
eastern  margin,  the  only  point  where  icebergs  were  then  discharged.  At  high  tide  the 
water  bathed  most  of  the  terminus  of  the  glacier,  wliich  was  i)rc(  ipitous  though  not  very 
hi^;  but  at  low  tide  the  glacier  front  was  separated  from  the  cove  by  a  narrow  strip 
at  aand,  across  iHddi  several  streams  flowed,  the  chief  one  being  near  the  western 
edgt,  where  the  glacier  terminus  vested  on  a  granite  hill. 

Retreat  of  Glacier,  When  first  mapped  by  Applegate  in  1887,  this  glacier  IS  rcpre* 
aented  as  terminating  in  the  sea,  its  ice  cliff  facing  the  northeast.  There  was  slight  re- 
treat from  1887  to  1908,  when  Grant  and  Higgins  showed  the  terminus  on  the  land,  much 
as  in  1910.  Their  description  states  that  the  end  of  the  glacier  "rests  on  a  gravel  l)cach, 
most  of  which  is  covered  by  high  tide;  and  near  the  center  of  the  front  tlie  ice  is  batlied 

s  AfiplefBte,  S.,  oiap  rquoduoed  in  Davidson's  Gladcn  of  AImIes  that  are  Shown  on  Ruoiaa  Charts  or  Men* 
tkawdteOldwNar»limlVaiw.aadPloei,GMg;8oe.oraepKi^         ISM,  pp.  2(Pr  and  Map  XI. 

•  OmW  U.  S.  and  Higgins,  D.  F..  Gladen  of  the  W<  .st  Coast  of  Prince  William  Sound.  Bull.  Amer.  Geog. 
Soc.»  VoJ.  XLIII.  1911,  pp.  409-413;  prdiminary  noUs  in  II.  F.  Reid's  Variations  of  Glaciers,  Joum.  Geol., 
Vol.  XVII.  1909.  p.  671;  maps  in  BuU.  284.  U.  S.  Geol.  Survey,  1806,        4.  p.  79;  in  Bull.  S79,  lbid„  1900.  PL 

IV;  Csdsc  p.  «l  end  k  BdL  4ia  AU*  IMflk  Ha  I  sad  n. 
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by  low  tide  water.  On  both  sides  of  tlie  kmer  part  of  the  glacier  is  a  distinct  bare  zone 
of  sDKwIlied  granite^  and  this  bam  moe^  wb^ 

at  the  edge  of  a  foicst  covered  tract.  This aona is inoaiiiieiKt|ydevdoped<m agnail 

knob,  almost  an  island,  at  the  west  side  of  the  glacier  front  Crossing  the  top  of  this 
knob  is  a  small  moraine  .  .  .  from  1  to  10  feet  in  height  and  5  to  30  feet  in  width 
This  moraine  contains  decaying  fragments  of  trees  and  just  to  the  nortli  of  it  is  an  area 
of  scattering  trees,  some  of  which  are  a  fool  in  diameter.  To  the  south  of  the  moraine 
is  some  v^etation, — moss,  grass,  alders  S  feet  high,  and  a  few  spruce  trees  4  feet  high. 
Mostcf  the  vi^getationdisappeais  half  way  frmn  the  Biondne  to  tiieiee  front  I^rom^ 
extreme  summit  of  the  above  granite  knob  the  neucst  point  ni  the  motaine  is  48  feet 
distant  in  a  direction  S.  10°  W.  From  the  same  summit  the  estreme  front  of  the^adsr 
is 500  feet  distant  in  a  direction  S.  l.S°  W. 

"  The  moraine  noted  above  marks  the  farthest  adMinee  of  the  ice  since  the  growth  of  the  ' 
present  forest,  i.  e.,  for  a  centuiy,  and  most  probably  for  a  few  centuries.    The  date  of  | 
this  maTimum  hist<mcal  advance,  is  at  a  minimum,  twenty  years,  and  probably  the  actual 
date  is  oonsidenbly  longer  ago  than  twenty  yeus.'* 

Two  years  later  our  fiomparisnn  of  photographs  showed  little  retreat  «nce  1908.  The 
glacier  surface  was  quite  smooth  and  appaiently  still  wasting,  and  a  smaUor  portion  of  Uie  j 
ice  front  was  bathed  by  low  tide.    The  marginal  stream  on  the  eastern  side  was  of  great 
size  and  was  building  a  steeply-sloping  delta  whose  area  increased  greatly  from  1908  to 
1010.    Grant's  conclusion  that  the  advance  in  association  with  the  terminal  moraine 
liad  taken  place  at  least  twenty  years  before  1906  would  seem  to  associate  the  adraaoe  | 
with  the  tidal  condition  of  fbe  i^acur  when  Dipped  by  Applegate  in  1887.  fo  connee*  i 
tion  with  the  long  stand  of  the  glacier  teminos.  witli  only  about  500  feet  ci  retreat  in 
83  years,  there  has  accumulated  an  extensive  terminal  deposit  ci  gravel,  sand,  and  clay, 
laid  down  in  large  part  below  sea  level.    The  weak  terminal  moraine  on  the  land,  the 
broader  terminal  deposit  in  the  .sea,  and  the  barren  zone  are  all  con.spicuous  phenomena 
in  connection  with  the  histoiy  of  Nellie  Juan  Glacier  from  1887  to  1910. 

71s  (hduatk  Pm.  West  of  tho  lodc  hill  a  narrow  lobe  of  the  Racier  aenda  a  stream 
northward  across  an  extensive  outwash  gravel  fan,  the  margin  of  whidh  is  submerged  I 
for  \  mile  at  low  tide.  This  fan,  which  is  over  i  mile  wide,  has  tied  Nidiols  Island  to 
the  mainland,  but  on  the  northern  edge,  near  the  island,  there  is  a  channel  connecting  the 
main  cove  with  the  narrow  inlet  to  the  west  of  Nichols  Island.  A  slough  of  clear  M-ater 
flows  across  this  flat  even  at  low  tide,  ami  enters  the  bay  in  front  of  Nellie  Juan  Glacier. 
Its  current  is  distinguishable  for  several  hundred  feet  offshore  in  the  midst  of  the  milky- 
white  glacial  waters  of  the  rest  of  the  cove.  Another  of  the  streams  from  the  western 
naargin  of  the  glacier  flowed  across  the  fan  to  the  branch  of  the  fioid  west  of  Nichob 
Island.  This  portion  of  the  fan  completely  surrounds  a  rode  islet.  The  surface  of  the 
fan  is  barren,  evidently  because  the  glacial  streams  have  occiq>ied  its  surface  contin-  j 
uously.  It  ha-s  an  unusually  steep  slope  and  parts  of  it  arc  made  up  of  ver>'  coarse 
bowlders.  In  reeeiit  years,  with  the  retreat  of  the  glacier  and  diminution  of  d^biis 
supply,  some  of  the  streams  have  incised  moderately -deep  guileys  in  the  fan. 

VlinmarvM  QkteUr,  This  gladar  termmalea  in  Bhie  Fhnd,  whidi  is  4^  milea  long* 
I  to  1  mile  wide,  and  veiy  precipitous.  The  lengtlL  of  iJ&e  Uitiamaiino  Gbciar  is  vn- 
known,  only  a  mile  of  it  having  been  mapped,  and  at  the  terminus  it  has  a  width  of  about 
I  of  a  mile  (fUg.  55).  Like  Nellie  Juan  Glacier,  it  ia  UiAy  dean  and  modenftdir 
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mmumd.  Ittt]iottida],lNitisie|Mnted&aatfaefiimlb7  anairowst^ 

gravels. 

Appiegate,  the  only  one  who  has  been  close  to  the  glacier,  so  far  as  we  know,  indicates 
on  his  map  that  in  1887,  when  he  went  within  less  tlian  half  a  mile  of  it,  there  were  visi- 
ble reefs  in  front  of  the  terminus,  which  was  then  tidal. 

Giant  and  HiggwiJ^,  after  their  Tirit  in  1908,  rtated  tUt  **  the  ghcfar  cornea  within  dbout 
aqiiarterof  amileoltide  water  and  theimtera  part  of  the  front  extends  farther  forward 
than  the  eastern  two-thirds  and  rests  on  a  gladal  flat.  The  eastern  part  of  the  front 


Km.  M.  Pbn  Nnua  hum  jam  In  Ob&enas  or  IMS  (Ama  AmoaAsa*  Jon  Qmun  *m  Hiaana). 


rests  on  a  lodc  ridge  about  800  feet  above  the  sea.  On  this  ridge  there  is  a  marked  bare 
■ooe^  and  also  ona  on  the  side  of  the  glacier.  The  front  of  the  glacier  was  not  virited, 
but  at  a  distance  this  bare  zone  I4>pear8  as  if  the  ice  had  retreated  from  it  in  the  last  two 

or  three  years.  Applegate's  map  indicates  that  the  glacier  in  1887  reached  to  tidewater 
along  its  whole  front.  The  forest  in  front  of  the  eastern  part  of  the  ^rlacior  siiow.s  that 
this  could  not  have  been  tlie  case,  although  tlie  western  part  may  have  reached  tide  water 
at  that  time^  but  even  this  is  doubtfuL  Our  observations  on  this  glacier  were  made  at 
n  distance  of  about  a  mUe  and  a  half.'* 

SSaee  we  saw  Uttramarine  Glacier  in  1010  front  a  distance  of  several  miles  we  cannot 
aaQT  whether  it  had  dianged  any  in  the  last  two  years.  It  was  evident*  however,  tiiat 
flicre  had  been  no  great  change  in  the  way  of  advanee  or  retreat 
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CMtn  Ap^ttgtU  Am,  Tli«g|admo(A]ipl4gittoAnnaieCotteNlUT^qrlor,aMi 
<3«remont  Glaeini  on  the  western  side,  and  LangdoOt  KuigV»  Appkgate,  Falling,  and 
smaller  ice  tongues  on  the  eastern  side.  The  ice  tongues  of  the  western  side  of  Apple- 
gate  Arm  are  fed  from  the  snowfields  which  also  supply  ice  to  Tebenkof  Glacier  and  the 
ice  tongues  at  the  head  of  Blaokstone  Bay.  Several  of  those  glaciers  were  mapped  by 
Applegatc,  who  went  close  to  them  when  he  discovered  this  fiord,  in  1887.  They  were 
forvcyed  moie  in  detaO  by  Gnnt  and  Sggiiis  m  1006  (Fig.  55),  but  up  to  the  proMnt 
time^  ynidk  the  eweptSon  of  a  brief  note,  quoted  bdoir,  tbqr  have  pnhKriifd  no  dfiMiq»- 
tion  of  the  outwaah  gravd  fans  and  barren  eones,  which  they  mapped,  together  with 
a  terminal  moraine  of  Claremont  Glacier.  They  stated  that  when  thcgr  "viiited  tiut 
fiord  they  did  not  examine  in  detail  the  glaciers  on  its  western  side. 

"South  of  the  central  part  and  east  of  the  southern  part  of  Port  Nellie  Juan  is  a  snow- 
fidd  of  unknown  but  considerable  extent.  Several  glaciers  flow  north  and  west  from  this 
flflid>aiid  .  .  .  Falling  Glacierieadiet  tide  water.  On  tbe  iratt  aide  of  tiie  soo^ 
cm  iMtft  of  tlie  port  (i^kgate  Am)  ate  oUmt  gladen, 

tide  water.  The  head  (of  Applegate  Arm)  is  shallow  and  the  waten  veqr  muddy.  Thb 
is  due  to  streams  from  the  adjcMning  glaciers,  and  especially  to  .  .  .  Kings  River, 
entering  the  head  of  the  port  charged  with  glacial  silt  (coming)  £ram  one  of 

the  largest  ice  covered  areas  of  the  Kenai  Peninsula.** 

The  National  Geographic  Society's  party  saw  only  Cotterell  Glacier  in  1910  and  this 
aft  a  eoniidflnble  dbtanoe^  ao  ne  have  no  infonnatkik  ao  to  the  behavior  of  tiie  gbden 
of  ApplegateAfrnframlOOBtolOlO.  The  laigect  glacier  of  Applegate  Arm,  iHudiaap- 
plies  the  water  of  Kings  River,  has  not  yet  been  mapped  or  studied.  ' 

Glaciatxon  of  Port  Nellie  Juan.    In  this  liroad,  deep  fiord  the  evidence  of  the  former 
extension  of  the  glaciers  is  clear,  the  glaciated  fiord  walls,  especially  the  precipitous  north- 
western side  of  Blue  Fiord,  the  plucking  of  the  well-jointed  granite  of  the  rock  hill  at  the 
terminus  of  Nellie  Juan  Glacier  and  on  Nichols  Island,  and  the  glacial  striae,  making  it  i 
plain  that  tiie  ^riiole  fiord  was  fonneiljr  fiUed  fagr  an  ioe  tongue  nhidi  flowed  into  I'^nnee  i 
William  Sound. 

Ghwial  deposits  are  of  small  extent,  and  the  fairly  thick,  mature  growth  of  vegetation 
(for  example,  on  Nichols  Island  and  on  the  mainland  near  Nellie  Juan  Glacier)  makes 
it  clear  that  the  last  greatly  expanded  stage  of  tliese  glaciers  was  more  than  a  century  ago. 

The  small  barren  zones  near  Nellie  Juan  and  Ultramarine  Glaciers,  and  near  the  ioe  ' 
tongues  of  Applegate  Arm,  mapped  and  described  by  Grant  and  Higgins,  are  interpreted  j 
as  evidence  of  a  slight  advance,  two  decades  or  more  ago,  similar  to  the  adTsnoes  in  tiie 
fiords  to  the  north. 

The  extent  to  lAich  gladal  erosion  has  deepened  and  otherwise  modified  the  fiord  b 

likewise  unknown.  Jiulging  by  the  absence  of  many  reefs  and  of  kelp  away  from  the 
shores,  it  is  assumed  that  here,  as  elsewhere,  the  fiord  has  been  deepened  throughout  tgr 
glacial  erosion. 

IcT  Bat 

OmuralDetmptUm.  The  entrance  to  Icgr  Bay,  which  is  connected  with  Prince  William 

Sound  both  to  tiie  north  and  south  by  a  broader  fiord  called  Knight  Island  Passage,  is 
between  Chencga  Island  and  Point  Countess.  The  outer  part  of  Icy  Bay  (PI.  XCIII^ 
trends  northwest-southeast  for  8  miles,  with  a  width  oi  S  U>  i  milesj  while  the  inna 
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part  CBct8iids«tn^taa|^toitinlh»kngdi€f  alKmtlSi^^ 
1|  aiikt.  FlMing  the  entraaoe  it  QMMgft  Xdand,  north  d  which  Dmi^kmis  PasMige 
•bo  connects  Ipy  Bagrwith the northcni  poftkm  of  Knight  Idaad  Passage.  The  inner 
|MUt  of  Icy  Bay  has  a  cove  on  the  southern  side  which  is  separated  from  Port  Bain- 
bridge  by  a  narrow  istlimus  from  one  half  to  three  fourtlis  of  a  mile  in  width  (Fig.  56). 
The  head  of  Icy  Bay,  to  the  southwest  of  this  cove  is  less  than  half  a  mile  wide  and  is 
tenninated  by  a  tidal  ice  tongue  called  Tiger  Glacier.  On  the  northern  aide  ci  inner  legr 
Bay  ia  a  larger  iadentation  nearly-  two  milea  in  length  and  from  one  half  to  two  nuke 
wide,  and  partly  cut  off  from  Icy  Bay  by  a  hi^  nxky  peninsula.  Chenega,  AinoeUin* 
and  Tiger's  Tail  Glaciers  terminate  in  this  indentation,  which  ia  caQed  NiaaMI  SSonL 
Small  ioeberf^s  from  this  baj-  drift  out  into  Knight  Island  Passage,  sometimes  being 
seen  as  far  east  as  Latouche  Island,  along  a  channel  regularly  traversed  by  steamera. 
The  depths  of  water  in  Icy  Bay  are  unknown  except  at  the  mouth,  in  Knight  Island 
Faaiage,  where  theftxd  ia  1000  to  1860  feet  deep/  and  in  Icy  Bay  oppoaitetihemmitb 
of  Naama  tkud  wkm  H  ia  MO  feet*  The  lloid  walb  aie  ateep  and  the  wtjeeent 
moontaina  riae  to  heists  of  several  thousand  feet  above  aea  level. 

Obiervationt  of  Olaciers.  The  information  about  the  gladera  of  Icy  Bay  is  based  upon 
observations  by  Portlock  •  in  1787,  Vancouver*  in  1794,  Seton  Karr'  in  1886,  Applegate' 
in  1887,  Glenn  ^  in  1898,  Grant  and  Higgins  >  in  1908,  Perkina  *  in  1909,  and  the  National 
Geogr^hic  Society's  expedition    in  1910. 

Ghgkn  ^  Nntm  rMt—Chmuga  6laei$r,  Ctauga  CSeeitf  la  faMnm  to  be  at  leiit 
S  mflee  long,  ploa  a  oontimiation  in  rniegJoied  wi^^ 

tari^,  and  at  least  one  small  one.   It  terminates  in  Nassau  Fi<Mrd  with  *  veitical  ice 
cliff  nearly  half  a  mile  in  width  and  1S5  feet  high.    It  is  a  clean  white  ice  tongue  with  no 
medial  moraines  and  descends  a  steep  slope  of  500  or  600  feet  in  the  last  quarter  of  a  mile, 
with  severe  crevassing.    Above  this  the  glacier  has  a  more  moderate  slope.    Many  ice- 
bergs are  discharged  from  this,  the  most  active  tidal  glacier  in  Icy  Bay.   Around  its 
tamhiaa,  and  on  a  Biiaatak  betwem  tta  two  chief  tiilMteieB^ 
and  llie  abaenoe  of  vegetation  thioa^bout  nioet  cl  llie  lower  alopea  of  Naaaan  Si^ 
eate  recent  extensive  letreat. 
Hiitoikal  evidenoeb  reviewed  later,  indieataa  that  Camega  GUacier,  joining  the  ad- 

>  U.  &  CoMi  and  Gwd.  Bamgr.  ClaK  No.  SHU. 

t  Soundings  by  Capt  W.  P.  8.  Porter  of  the  ateamahqi  rufldba  vUth  look  tte  MioB  paHgr  iat»  itgr  Baj 
ia  1900.    Penonal  oonununication  from  Mr.  George  W.  Perkina. 
•Portlock.  NAtbaoiel.  Voyage  Round  tU  World.  London.  1789,  p.  MO. 

*Vaaeaaiw;Ooaap^V<y«geofDiteo>wiyt»tfcoftdl>Oeooa«adB<^  IBM. 

pp.  804-S05;  maps  republished  by  Da^-idaon  (aee  below)  Maps  IV  and  V. 

•  Seton  i!;;arr,  U.  W..  Shona  and  Al|w  of  Alodu,  Londoo,  1887.  pp.  ttb-m. 

'  'ff '       "  r  TtITb  riitiliiiii'i  niilini  nf  ninli  TIhT  im  flum  nil  llBMioo  flafla  ni  Moalioaaj 
fa  Older  Narratives.  Traoa.  and  Proc.  Geog.  Soc.,  Padfic.  Vol.  3. 190i.  p.  28. 
t  Glenn.  E.  F.,  War  Dept..       -Gen.  Office,  No.  XXV,  1899.  map  in  pocket. 

•  Grant,  U.  S.  and  Higgioa,  D.  )i\  Gladera  of  tiie  Wart  Coaat  df  Prince  William  Sound,  Bull.  Amer.  Geog. 
Soc.,  Vol.  XUn.  1911.  pp.  m  41»4ie;  TMwiHt  Olailwi  of  PHace  WiUiMn  SoaaJ  aad  Keaoi  Pwiinwik. 
Bull.,  U.  S.  Geol.  Survey  (in  preparation);  alao  in  H.  F.  Rdd'a  Variations  of  Gladera,  Joum.  Ge<il  ,  Vol. 
XVll,  1009,  pp.  670-e71;  alao  Mapa  in  BuiL  284,  U.  S.  Geol.  Smnr^.  1806,  Fig.  4  on  p.  79;  Ihid^  BuU.  878, 1809, 
n.IVfMb«p.ttsiUi,.]|idl.448llM€kn.IlM!ingp.  10      Fl.  II.  in  podBOl. 

•  Periuna,  George  W..  Perwnal  communication. 

» liMtn,  LMnoBOi^Nat.  Goog.  Mof«  VoL  XXn,  1911,     Ml,«Mi  Joaa.  GwiL,  Vol.  XIX,  1911,  p.  4M. 
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jMCBt  ioe  tongues,  was  mudi  more  CKtensive  and  retained  essentiftllsr  tiie  same  position 
between  1787  and  18»8,  and  that  it  retreated  a  long  distance  between  1898  and  1 908.  In 
the  latter  year  the  glacier  was  studied  and  mapped  by  Grant  and  Higgins,'  when  th^ 
spent  one  day  in  Icy  Bay,  making  the  map  reproduced  as  Fig.  56,  taking  photographs  and 
discovering  the  retreat  of  two  to  three  miles.  They  quote  a  native  tradition  that  this 
gbuan  extoidfid  to  the  moath  of  Icy  Bay  aboiit  m  oeatoiy  before  uad  intopret  this  as 
nettling  the  manA  cl  NaaMU  Fiotd  beettiM  of  the  idittioiuhi|M  of  lonrt  Mid  bttm 

In  1909  the  G.W.  Peridns  pwrtgr  vuited  ley  Bey  Mid  proposed  that  this  ice  tongue 

be  called  Princeton  Glacier; 
but,  since  Grant  had  previ- 
ously called  it  Chenega,  the 
nMne  Frinoetan  ie  aiiplied 
by  Grant  to  the  glacier  ensi 
of  it.  Perkins  also  named 
the  Tiger's  Tail  Glacier,  the 
Tiger  Glacier,  and  Nassau 
Fiord;  and  one  of  the  o£B- 
een  of  his  ahq*  detemuned 
Oie  hei^t  of  the  ice  cliff  of 
Chenega  Glacier. 

The  National  Geographic 
Society's  1910  party  spent 
portions  of  two  days  at 
Chenega  Glacier,  and  found 
the  ioe  front  in  dboot  the 
aeniepoeitionaeinl90B.  A 
comparison  of  photography 
taken  from  one  of  the  Grant 
and  Higgins'  photographic 
stations  (c,  Fig.  56),  sliowed 
in  the  two  years  no  signiii- 
cent  chMige,  although  cob- 
ditions  ekmg  the  eeatem 
edge,  and  an  especially 
marked  increase  in  tlie  height  of  the  terminal  cliff»  suggested  the  possibOi^  of  a  sUi^t 
advance  being  then  in  progress  (PI.  CXLV,  A). 

Princeton  Glacier.  Princeton  Glacier,  of  about  the  same  size  as  Chenega  Glacier  and 
fed  from  adjoining  snowfields,  is  no  longer  tidal.  The  terminus  of  the  eastern  margin  is 
80  encambered  mth  aMatkn  monine^  thet  this  side  of  the  ^ader  appears  dirty.  About 
n  haU  mile  bedk  fxook  tiie  WBtcr*s  edgSt  these  is  n  iF^f^iei  monine  new  the  OMftcni  irmrgrfl 
which,  however,  extends  diagonally  across  the  i^bcier,  so  that  at  the  tenninns^  it  is  done 
to  the  western  mar^n. 

The  lower  end  of  the  Princeton  Glacier  slopes  gradually,  in  contrast  with  the  frontal 
precipice  and  steep  slope  of  Clienega  Glacier,  and  the  siuface  is  very  little  crevaased. 

>BriL  Am.  Geog.  Soe,  V«L  XUU.  ISll.  pp.  410k  4i*-*lt. 


Fig.  56.    The  Guacters  of  Icy  Bay  in  1794,  1898,  ksu  1906. 

Barren  woas  ahown  by  da^ed  liue  and  letter  b.  Soundiogs  in  feet. 
(After  Vaaoouver,  Glean,  and  Giant  and  Higgins.) 


Digitized  by  Google 


OTHER  G1AC1EB5  OF  PRINCE  WILLIAM  SOUND  917 

At  fur  bad:  eta  be  seen  from  ley  Bay  the  glacier  has  a  moderate  slope,  suggesting  Uiat 
it  comes  from  a  considerable  distance.  It  is  possible  that  its  snowfielda  join  tluiae  iif 
Nellie  Juan  and  Ultramarine  Glaciers,  10  or  12  miles  to  the  north. 

There  are  barren  areas  around  the  terminus  of  Princeton  Glacier,  which  seems  also  to 
have  had  a  more  expanded  stage  over  a  century  ago,  and  to  have  then  coalesced  with 
ChwMigfc  Glaciar  to  lonn  the  fapaiwind  Icy  Bay  Glader. 

When  mapped  ligr  Giant  and  Higgins  in  1M6  thiee  quartan  ol  Hie  Racier  tenninna 
ma  aq>aialed  from  the  water's  edge  by  a  low  line  of  morainic  or  rode  hills,  but  the  west- 
em  margin  may  have  been  tidal.  Between  August  5,  1908,  and  August  9,  1910,  the 
glacier  was  wholly  inactive,  continuing  to  waste  so  rapidly  that  the  areas  covered  by 
ablation  moraine  increased  decidedly  in  amount,  the  ablation  moraine  of  the  eastern  side 
practically  coalescing  with  the  diagonal  medial  moraine.  By  that  time,  also,  there  was 
Miflh'iani  retreat  ol  the  maigin  ao  that  H  noiiheie  reached  the  aea,  even  the  western  edge 
bemg  aepaiated  by  namnr  gravel  and  sand  atiqia.  It  ia  poHible  that  at  high  tide  the 
water  covered  this  fringe  and  touched  the  ice  edge  in  the  weatetn  part;  but  Ihere  waa  no 
tBrminal  cliff,  and  no  icebergs  were  discharged. 

Tiger* 8  Tail  Glacier  and  Smaller  Ice  Tongues,  Tiger's  Tail  Glacier  is  a  .slender  ice 
tongue,  extending  down  over  tlie  lip  of  a  him^iii^'  \  alley  as  a  cascading  glacier,  and  reach- 
ing the  water's  edge,  so  that  a  few  icebergs  are  probably'  discharged.  It  was  first  mapped 
barGiMitmlMS. 

Hie  amall  ioe  tonguea  to  the  aouthwest  of  Tlgei^a  Tail  Glaciar  are  fed  from  adjacent 

n^v6  fields.  One  glacier  conspicuous  from  Nastou  Fioid  terminates  in  a  hanging  valley 
800  to  900  feet  above  the  sea,  to  which  it  .sends  two  streams  which  flow  down  either  side 
of  a  broad  mountain  si)ur.  The  terminus  of  this  glacier  is  more  or  less  veneered  with 
moraine  and  in  front  of  it,  on  tlie  lip  of  tlie  hanging  valley,  are  good-sized  spruces  and 
honlocks  and  a  thick  growth  of  willow  and  alder,  making  it  extremely  improbable  that 
Una  Racier  could  have  particq»ated  in  the  capanded  condition  of  17M  when  Ghencga. 
Mioetoo,  and  Hger'aTaflGladeis  filled  Naamn  Fiord.  Hie  other  kse  tonguea  farther 
to  the  southwest  terminate  hi^  above  sea  level,  several  of  them  in  hanging  vallqrs,  and 
from  all  of  them  atreama  witii  wsterfalla  descend  the  fiord  wall  to  the  northwestern  aide 
of  Icy  Bay. 

Tiger  Glacier.  Tiger  Glacier,  at  the  head  of  Icy  Bay,  seen  by  us  only  from  the  mouth 
of  Nassau  Fiord,  is  shown  in  the  map  (Fig.  56),  photographs,  and  brief  description  by 
Gnat  nad  Higgina,  to  be  fed  fagr  two  good-aiied  tiibutanes.  It  has  been  mi^iped  for 
only  n  little  over  «  niil^  althon^  the  photogtapha  ahow  dea^  that  it  heads  aome  dia- 

tancc  farther  to  the  southwest.  The  adjacent  snowfields  also  feed  several  small  glaciers 
to  tlie  east  of  it,  which  terminate  several  himdred  feet  above  the  fionl  and  supply 
streams  which  cascade  down  the  fiord  wall.  Tiger  (i lacier,  which  in  the  portion 
seen  is  severely  crevassed,  terminates  with  a  steep  slope,  at  the  end  of  which  is  a  vertical 
chfF  less  than  half  a  mile  wide,  from  which  icebergs  are  dischaiged.  Near  the  northern 
maiyai  bare  rock  was  eapoaed  beneadi  the  temdnus  of  the  evader  for  over  one-third  of 
Ha  width  in  1006.  A  photograph  by  the  Peridna  party  m  1000  dbows  that  Tiger  Gk- 
cier  had  advanced  sli^tly,  covering  a  prominent  rock  whidi  was  visible  tlio  year  before. 
There  was  no  marked  continuation  of  this  advance  up  to  August  9,  1910. 

Retreat  of  the  Icy  Bay  Glaciers.  The  first  historical  suggestion  of  a  glacier  in  Icy  Bay 
results  from  the  visit  of  Portlock  to  Prince  William  Sound  in  1787.   In  July  of  that  year 
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Portkck'a  irtiaMboat  and  ftmi  cnuMd  in  tlie  yiebHgr  of  what  atom  to  be  Kni^t  Uuid 
Paange,  while  looldqg  tot  the  PasMge  Canal  raote  to  Cook  Inlet,  which  they  aeon  t» 
h*ye  thought  to  be  a  river.  They  state  that  **0n  getting  over  to  the  South  West  shoN^ 
thqr  met  with  great  quantities  of  drift-ice,  coming  as  they  supposed,  out  of  that  open- 
ing, and  at  the  same  time  heard  a  constant  jumbling  noise  resembling  the  breaking  up  of 
ice  in  a  large  river."  The  officer  in  command  encountered  fog  and  did  not  push  on  or 
tee  the  glacier,  whose  presence  he  seems  not  to  haTO  siupected.  The  map  is  indefinite, 
but  the  deacripUon  of  lodbeiga  and  noiMt  imBcalea  that  a  tidal  Racier  in  Icy  Bay,  ec* 
tended  as  far  or  farther  down  the  fioid  than  seven  yean  later  ^Hien  Vaaoouver^a  eipedi- 
tion  entered  these  waters. 

The  first  description  and  map  of  the  Icy  Bay  Glacier  was  made  in  1794  by  Vancouver's 
expedition.  Lieutenant  Whidbey  states  that  in  going  up  outer  Icy  Bay  from  Point 
Countess  they  passed  "many  large  pieces  of  floating  ice,  which  were  in  great  abundance 
in  this  part  of  the  aound."  HedeaoflMinner  Icy  Bay,iiUdith^  8«wonJnno4tt»as 
**a  bay  on  the  western  duwe  about  a  league  wide*  and  about  four  and  a  half  miks  deep 
tenninated  by  a  couqMUst  body  of  ioe  that  deseended  from  high  perpendicular  cfiffi  to 
the  water  side,  and  surrounded  by  a  country  composed  of  stupendous  lofty  mountaias 
covered  with  snow.'*  The  map  accompanying  Vancouver's  account  shows  the  terminus 
of  the  glacier  at  a  point  in  Icy  Bay  somewhere  east  of  the  head  of  Port  Bainbridge  and 
luobably  near  the  entrance  of  Nassau  Fiord.  The  representations  of  the  shorelines  <hi 
tilismap  (see  inset.  Fig.  56)  are  fnfllcientb^detdiad  for  ni  to  identify  tiieloenlioiiivafc 
aome  eotainty. 

On  October  20,  1886,  Seton  Xarr  visited  the  native  viDage  at  Chenega  near  the  month 
of  Icy  Bay,  and  he  has  pubUshed  a  sketch  of  Icy  Bay  as  seen  from  Chenega  Island,  show- 
ing a  glacier  and  snowfields  in  the  background.  Since  Tiger  Glacier  could  not  be  seen 
from  Chenega  Island,  and  since  Chenega-Princeton  Glacier  cannot  be  seen  from  that 
point  at  present  and  would  not  be  visible  unless  they  were  sufficiently  expanded  to  extend 
otttaide  the  month  of  Naaiau  Fiord,  this  pictnie  is  inteipreted  as  proof  tiirt 
Mieeton  Glacier  remained  in  the  expanded  portion  of  1787-17M  op  to  at  leaal  18M. 
Seton  Earr  speaks  of  Icy  Bay  near  Chenega  village  as  "  a  broad  bay  covered  yrilh  andl 
icebergs"  and  says  that  "close  at  hand  several  glaciers  descend  into  the  sea  from 
low  flat  snowfields."  lie  could  not  have  made  the  latter  statemrat  on  the  basis  of  what 
one  may  now  see  at  Chenega. 

After  his  visit  in  May,  1887,  Applegate,  quoted  by  Davidson,  referred  to  this  ice  tongue 
aa  ***  fine  ^bdar,  ooming  down  to  tiie  water."  Be  aeeme  to  hatve  made  no  nu^  of  Icy 
Bay  BO  that  we  do  not  fed  sure  from  his  description  alone  eiaci^y  vthere  the  glacier  ended 
at  that  time,  though,  as  stated  above,  Seton  Earr^a  iketdi  of  the  pievioaa  year  fine  tke 
approximate  location  of  the  terminus. 

The  army  expedition  of  1898  under  Glenn  published  a  map  (see  inset.  Fig.  5S), 
showing  Icy  Bay  with  a  glacier  which  terminated  east  of  the  head  of  Port  Bainbridge 
as  in  1794,  and  with  an  outline  different  enough  from  that  sketched  by  Whidbey  to 
aiiggett  that  it  was  located  a  new  anrvey,  aa  tiie  rooghlgr-eontooied  fiord  wnfla  nlao 
anggest  No  Icy  Bay  Glacier  is  mentioned  in  Glenn's  aooount  and  ttn  map  may 
possibly  be  based  on  some  earlier  sorvqr,  later  than  1794.  If  made  in  1898  it  shows 
that  the  Icy  Bay  Glacier  front  remained  in  essentially  the  same  place  from  1794  to 
1898,  rhft"g'"g  on^  in  shape.   The  map  shows  "floating  glacier  ice"  in  Knight  Island 
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flHng»  ODtride  Icy  Bay.  We  led  that  Glenn't  nup,  cocibborated  by  Seloii  Xan^s 
AriiBhi  itniii^iy  flnggesb  a  maiiitanaBoe  of  the  1794  poaition  for  over  ft  eentmy. 
Qy  1906»  as  Grant  states  specifically  ^  and  as  his  m&p  ahom*  there  had  been  a  great 

retreat;  but  he  does  Dot  discuss  the  question  whether  it  was  a  gradual  retreat  from  1794 
to  1908,  or  a  rapid  one  during  the  last  few  years  of  this  period.  He  says  "a  traverse  of 
the  shoreline  of  this  bay  in  1908  shows  it  to  be  about  11  miles  in  length  with  a  tide- 
water glacier  at  its  head.  On  the  north  aide  of  the  bay,  6  miles  from  its  head,  is  a  smaller 
baQr>  nearly  two  mileB  in  length;  and  at  Ihehead  of  tliis  bay  are  two  tide-water  glacieri. 
THkm  deseiipUon  of  Whidbcy,  who  was  attadied  to  Vanoonvei^s  eqJoratoiy  aq>edition 
of  1794,  states  that  this  bay  was  four  and  ft  half  miks  deq>  and  was  terminated  by  a 
peqiendicidar  chfiF  of  ice.  This  would  seem  to  indicate  ft  letieat  of  ioe  in  the  axis  of  I<gr 
Bagr  of  some  six  and  a  half  miles  from  1794  to  1908." 

Reiaiionships  of  Forest  Growth.  Our  study  of  the  vegetation  in  Icy  Bay  is  interesting 
in  connection  with  the  description  by  Whidbey  in  1794  and  the  position  of  the  glacier 
«•  indioftled  on  Us  map.  Northeast  of  Nassau  Fioid  the  loieat  is  eveiywhere  thick  and 
matue,  eontaining  trees  from  M  to  88  inches  in  diameter.  The  anmial  lingi  in  a  nnm- 
ber  of  them  were  counted  in  1010  and  three  trees  about  04  indies  in  dfamieter  were 
found  to  be  lis,  120  and  122  years  old.  There  were  trees  of  about  the  same  diameters, 
and  about  as  thickly  set,  all  along  tne  coast  up  to  and  including  the  small  island  north- 
east of  tlie  entrance  to  Nassau  Fiord.  Tliese  are  not  stunted  trees,  even  those  nearest 
the  glaciers  being  well-developed.  As  Whidbey 's  visit  was  116  years  before  ours  of 
1010,  the  presence  of  trees  ISO  to  US  years  old  prores  deai^y  that  the  glacier  ooold  not 
hftveoKtended  qoite  as  ikr  to  l2ie  norUieast  in  1704  as  ^  site  of  theee  trees. 

Along  a  sharply  defined  line  near  the  entrance  of  Naasatt  Floid,  however,  this  mature 
forest  ends,  and  the  interior  shores  of  Nassau  Fiord,  the  mountain  between  Princeton  and 
CSienega  Glaciers,  and  the  shores  of  Icy  Bay  from  that  point  south  west  ward,  have  only 
8cattere<l  trees,  none  of  which  seem  to  be  more  than  a  score  of  years  old.  On  the  first 
prominent  rock  point  inside  of  Nassau  Fiord  (near  Photo.  Sta.  D,  Fig.  56)  the  higher 
pact  of  the  banen  sene  hM  seatteied  wiDowa,  alders  and  young  spruces  and  hendodca 
at  an  elevation  of  aboat  000  feet  above  aea  levd,  the  oldest  one  counted  having  20  aannal 
lings,  though  some  of  the  others  may  have  been  even  older.  Nearer  sea  level  the  dopee 
are  absolutely  barren.  This  suggests  that  the  ice  front  observed  by  ^Miidbey  wasmailh 
tained  up  to  rather  recent  times,  as  we  interpret  Glenn's  map  to  show  also. 

On  and  near  tlie  col  between  Icy  Bay  and  Port  Bainb ridge  there  are  scattered  conifers 
which  from  a  distance  seem  to  be  of  good  size.  We  did  not  ascertain  whether  these 
extend  down  to  sea  levd  or  not,  nor  how  old  they  are.  If  it  ahoold  prove  that  there  are 
mstore  trees  at  soft  level  in  this  part  of  ley  Bsgr,  It  woold  suggest  either  (a)  a  foeert  ftd- 
vnacing  over  the  low  col  from  Port  Bainbridge,  before  the  Tiger  Glacier  portion  of  the 
dismembered  Icy  Bay  Glacier  had  retreated  to  its  present  position,  or  (b)  that  the  ex- 
panded ice  tongue  of  1787-1794  was  supplied  wholly  by  the  Chenega  and  Princeton  Gla- 
ciers which  emerged  from  Nassau  Fiord  and  filled  this  part  of  Icy  Bay  without  being 
joined  by  Tiger  Glacier,  the  upper  part  of  the  inlet  being  either  an  arm  of  the  sea  or  a 
lake. 

Thia  latter  inteqnetation,  made  in  1010,  is  at  Tarianoe  with  the  statement  of  Grant,* 

•  GnMit»  IT.  8,  Jiooia.  GmU  V«I.  ZVII,  1900.  pp.  eT»-«n. 
•Op.  ^L,  p. in. 
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quoted  on  a  previoiw  iMige  and  in  our  earlier  publicatioius,  that  the  ice  in  the  axis  of  ley 
Bay  retreated  six  or  seven  miles  froin  1794  to  1908,  for  this  in\  olves  tlie  participation  of 
Tiger  Glat-ier  in  the  expansion  of  1794.  .\s  we  revise  this  text,  however,  we  have  the  I 
later  statement,  published  in  1911  by  Grant  and  Higgins,^  tiiat  in  1794  "it  is  very  prob- 
able that  the  glaciers  in  Nassau  Fiord  .  completely  filled  that  fiord  and  ex* 
tended  out  Into^  but  not  acroM,  the  nuun  put  of  Icy  B^.**  If  thu  means  tiiat  Tiger 
Glader  did  not  particqMte  in  the  CTpaniaon  of  the  Ghenq^Frinoeton  ioe  tongne  it  ii 
quite  in  accord  with  the  distribution  of  vegetation. 

One  of  the  most  intcrostinfr  features  in  relation  to  forest  growth  in  this  region  is  the 
shape  of  the  barren  zone  on  the  peninsula  east  of  Nassau  Fiord,  between  that  indenta- 
tion and  Icy  Bay.  This  shows  clearly  that  while  the  expanded  Chenega  and  Princeton 
Glaciers  filled  Nassau  Fiord  and  extended  over  the  narrow  northeastern  portion  of  the 
pwiininila,  the  higher  soatheastem  aide  of  the  peninaula  and  the  low  ialand  there,  wtiA 
•rethieUyfofwted,  woenotooveiedfaytfaeilaeier.  11ied«diedlineCFig.56),diowiiiK 
the  boundaiy  of  the  barren  zone  indicates,  therefore,  that  the  eipanded  Cfaenega-Prince- 
ton  Glacier  was  tidal  in  lev  Bay  in  the  cove  east  of  this  peninsula  as  well  as  opposite  the 
mouth  of  Nassau  Fiord;  but  that  the  two  tidal  termini  did  not  coalesce  and  traosfonn  the 
higher  part  of  this  peninsula  into  a  nunatak,  nor  override  it  completely. 

Olaeial  Modifieatum»  in  ley  Bay.  Icy  Bay,  like  the  other  fiords  of  Prince  Williaa 
Sound,  hns  been  intcns^  gladated,  giving  it  veiy  steep  walls  and  huge  areas  of  hafe^ 
striated  rock  often  having  the  rochesmoutonntefonn.  Hanging  valleys  are  also  present, 
the  one  containing  the  small  ioe  tongue  south  of  Tigei^s  Tail  Glader  fonning  an  especiaHy 
good  illustration. 

Icy  Bay,  even  more  than  the  fiords  to  the  north,  is  remarkable  for  the  absence  of  glacial 
deposits  above  sea  level,  the  cliief  deposits  observed  by  us  being  scattered,  glacial  bowl- 
ders on  the  bare  rock  surfaces  and  a  thin  veneer  of  ground  moraine  in  places.  There  ii  a- 
narrow  strip  of  outwash  gravel  which  separates  Princeton  Glacier  from  the  fioid,  and 
a  veiy  perfect,  though  minute,  terminal  moraine  ridge,  in  the  second  cove  east  of  Nassau 
Fiord  on  the  northern  side  of  Ic>'  Bay  (a,  Fig.  M).  It  is  made  up  of  stony  till  and  ex- 
tends across  the  valley,  at  the  head  of  the  cove,  as  a  single,  narrow-crested  ridce,  with  a 
height  of  between  "20  and  150  feet.  It  seems  to  have  been  built  by  a  projecting  lobe  from 
the  Icy  Bay  Glacier  rather  than  by  a  retreating  glacier  in  this  small  valley. 

Glacieiw  on  the  Islands  of  Prince  William  Sound 

Knight  Island.  Knight  Island,  in  western  Prince  William  Sound,  east  of  Icy  Bay  and 
Port  Nelhe  Juan,  is  26  miles  long  and  7  or  8  miles  wide  (PI,  XCIII).  Its  coast  is  deeply  I 
indited  by  fiords  and  its  surface  is  veiy  rugged.  The  peaks  are  8000  to  0160  feet  hi{^ 
and  since  many  of  them  ave  snow-capped,  it  is  probable  that  their  n^  fielda  give  rise 
to  a  number  of  minute  leaden.  None  of  these  have  been  shown  on  a  map,  and  only  one 
of  them,  a  cascading  glacier  on  the  southern  side  of  the  island  near  Mummy  Bi^,  was 
.seen  by  the  National  Geographic  Society's  expedition.  The  large  number  of  cirques 
.show  clearly  that  exten.sive  local  gla<*iers  have  existed  in  the  past.  Their  relationships  to 
the  expanded  ice  sheet  of  Prince  William  Sound  are  discussed  in  a  later  chapter. 

Chmega  Idand.   Chenega  Island,  between  Knight  Island  and  ky  Bay,  is  nbool  0> 

>  BuU.  Amer.  Geog.  Soc.,  Vol.  XF.UI.  1911,  p.  414. 
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miles  long  and  3  miles  wide,  and  is  much  less  rugged  than  Knight  Island.  All  of  the 
Uand  IB  high,  the  fniiiiiiiti  liiiiig  to  cfevalioos  of  to  8000  fSeet*  Midi  ntttning  snow 
«B  hte  infto  Hie  rammer  m  August;  but  the  islaiid  is  not  known  to  contain  anj  glsders, 
sllhoo^  we  suq>ected  the  presence  of  a  small  glacier  in  one  of  the  snow-filled  cliques  on 
the  northwestern  side,  near  Dangerous  Passage.  There  are  a  few  large  cirques,  and  the 
rugged  ixroup  of  summits  apparently  have  been  sharpenetl  hy  local  ^laciation. 

Latouchc  Island.  Latouclie  Island,  south  of  Knight  Island,  with  its  southern  end  in 
the  Pacific  Ocean,  is  li  miles  long,  2  to  3|  miles  wide,  and  has  peaks  1750  to  2225  feet 
Ugh,  some  of  whidi  letain  snow  rsi]»er  late  into  Uie  summer,  though  none  of  them  aie 
knoim  to  siqqKMrt  ^aeSers  at  present  Tn  former  times,  however,  on  the  nortfawestem 
Mde  of  Latoacbe  TaloiMi^  thtt«  were  good-sized  local  glaciers,  which  excavated  great 
drques  from  one  to  two  miles  wide,  described  and  mapped  hy  Grant  and  Higgins.'  Tlie 
junior  author  spent  several  hours  on  Latouche  Island  in  1904  and  again  in  1910.  So 
much  snow  remained  in  the  circiues  in  August  and  Sepleml>er  of  each  year  that  it  seems 
quite  likely  that  the  larger  cirques  still  contain  small,  inactive,  ice  masses. 

Mmiafu*  IdaHd,  TUs,  the  laigest  island  in  Fkince  William  Sound,  has  a  total  len^ 
of  over  80  miles  and  a  width  of  from  8  to  10  miles.  It  extends  northeast  and  southwest 
across  the  month  of  the  sound,  nearly  parallel  to  the  trend  of  Latouche  and  adjacent 
islands,  being  separated  from  Tjitouche  and  Knight  Islands  by  Montague  Strait.  The 
island  is  mountainous  throughout,  the  highest  peaks,  including  Montague  Peak  near 
the  eastern  end,  lying  on  the  ocean  side.  The  mountains  rise  to  elevations  of  from 
8500  to  4500  feet,  and  one  of  the  higher  peaks  near  the  middle  of  the  island  reaches 
8041  feet 

Hie  hii^er  summits  of  Montague  Idand  throughout  the  ifhidlB  of  its  length  are  snow- 
Cfvped  during  the  entire  year,  and  probably  feed  a  number  of  moderate-sized  glaciers, 
those  on  the  side  toward  Prince  William  Sound  being  the  largest.  One  or  two  of 
these  glaciers,  in  the  region  south  of  Green  Island,  were  seen  by  us  from  a  distance  in 
1910;  but  since  Montague  Island  is  largdy  une3q>lored  none  of  these  glaciers  have  as 
yet  been  shown  upon  a  map. 

Extensive  local  facial  erosioii  on  Montague  Idaad  is  indicated  by  scores  of  deques 
in  the  higher  parts  of  the  island  and  hy  hanging  vaO^srs,  visible  from  Prince  William 
Sound.  There  are  also  smaller  cirques  on  the  southwestern  side  of  the  island,  showing 
that  local  glaciers  formerly  descended  toward  the  Pacific  Ocean. 

Hinchinbrook  and  Hawkins  Inlands.  Ilinchinbrook  and  Hawkins  Islands,  northeast 
of  Montague  Island,  separate  the  eastern  part  of  Prince  William  Sound  from  the  Pacific. 
HsiHdns  Island  is  28  miles  long  and  S  to  4}  miles  wide.  Its  highest  peaks  are  1840  to 
8085  feet  lugh  and  are  not  known  to  contain  any  (^aeierB,  thou^  cirques  give  evidence 
of  former  local  glaciation. 

Hinchinbrook  Island  is  22^  miles  long  and  IS  miles  wide  The  northern  part  of  the 
island  has  a  low  foreland,  south  of  which  are  peaks  from  1427  to  -2910  feet  high.  Several 
of  these  peaks  retain  snow  throughout  the  .summer,  and  there  are  small  ice  ma.sses,  spoken 
of  by  Seton  Karr '  as  "  comparatively  insignificant  glaciers."  None  of  these  ice  tongues 
has  over  been  mapped. 

»GhbU  U.  S.  mmI  HiggiiM.  D.  ¥^  Bull,  m  U.  S.  Geol.  Survey.  1910^  p.  18^  Fig.  S.  oo  p.  SO,  and  PI.  XII. 
iapeM. 

•Ma       B.     flhoMs  sad  Alps  cf  Ahdn,  Lowio^  Umr,  p.  IM 
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Tlien  are  many  cirques  in  the  high,  northern  part  of  the  island,  showing  that  there  has 
been  extenave  loeal  gradation  here.  The  southern  part  of  the  island  h  fdateau-Iike. 
having  no  rupj»ed  topography  but  a  broad,  rolling  upland  with  rounded  summits,  the 
highest  of  which  are  Signal  Mountain,  1546  feel  high,  on  the  southwestern  end  near 
Port  Etches,  some  elevations  of  ^2Q0  feet  near  the  middle  of  the  island,  and  8ummit& 
1709  feet  high  near  the  eastern  end.  This  southern  half  ol  the  island  has  extoisne 
cirques,  a  nnmberol  conqncuoos  <uies  cutting  into  the  p]ateaa>like  iqilaQd,  with  vaDcgra 
tttoidiiig  northward  to  Ftet£tdiM(FL  CI.XXXTTI), 

GLacuRB  or  Eabtebn  Pbincb  Wiluam  Soumd 

Among  the  fiords  of  eastern  Piiaoe  William  Sound,  Valdea  Ann  and  Port  Valdes  in 
the  noctiiMaleni  comer  have  ainady  been  described  (Chapter  Xm).  The  fionb  aonlk 
of  this  are  Port  Fida]gD»  Port  Gmvina,  Sheep  Bay>  Shnpson  Bay,  Oica  or  CoidovmBar, 

and  Orca  Inlet. 

Port  Fidalgo — Topography.  Port  Fidaliro,  which  has  also  been  called  Fidalgo  Bay,  b 
the  largest  of  the  fiords  on  the  eastern  side  of  Prince  William  Sound,  south  of  Valdet 
Arm.  It  is  25  to  38  miles  long,  as  shown  by  different  maps,  and  5^  miles  wide  at  the 
m&A  decreasing  to  two  Duke  or  less  inside  the  fiord.  Its  general  course  from  Fkiaea 
William  Sound  is  east-northeast,  but  near  the  head  it  tuns  al «  sharp  angle  and  fiends 
southeastward.  There  are  a  number  of  iri1>utarv  hays,  including  Snug  Comer  Cove, 
Two  Moon  or  Bowie  Bay,  Irish  Cove,  and  Whalen  Bay  on  the  southern  side,  and  Fish, 
Landlocked,  and  Boulder  Bays  on  the  north.  The  latter  is  also  connected  with  Valdea 
Arm  through  Tatitlek  Narrows,  behind  Bligh  Island,  which  lies  north  of  the  entrance  to 
Port  Fidalgo.    Goose  Island  lies  south  of  the  entrance. 

This  fiord  esrtenda  far  bade  into  the  GhugachMountuns.  Near  die  entrance  the  fiord 
walb  rise  1800  to  8000  feet  dose  to  the  water's  edge^  bade  of  a  narrow  fringe  of  ' 
but  there  are  many  peaks  rising  to  greater  heights,  among  them  being  Ckipper  Mountain» 
38S0  feet,  and  Mt.  Denson,  5886  feet.  There  has  been  no  detailed  topographic  survey 
in  the  eastern  half  of  Port  Fidalgo,  but  the  fiord  walls  there  seem  to  be  still  steeper 
and  there  are  peaks  rising  to  3721  feet,  5558  feet,  and  5182  feet,  while  there  are  many 
higher  ones  in  the  Chugach  Mountains  still  farther  to  the  east. 

Conlraofsd  Conditim  qf  Qlaeitn,  The  gladen  of  this  fioid  are  very  small  and  long 
ago  receded  far  into  the  mountains,  from  which  they  have  not  projected  far  enoof^  to 
be  tidal  linoe  bdoie  1778.  A  great  many  mountains  about  the  eastern  end  of  Port 
Fidalgo  are  snow-capped  throughout  the  summer,  and  there  are  probably  many  moderate- 
sized  glaciers,  besides  the  few  small  ones  \'isible  from  the  entrance  to  the  fiord.  The 
only  ones  thus  far  shown  upon  a  map  are  the  glacier  on  Mt.  Den.son  and  a  little  ice  tongue 
terminating  half  a  mile  or  so  northeast  of  the  head  of  Port  Fidalgo.  Doubtless  the 
nnesplored  mounUdn  vallegrs  ccmtain  f  air-eiied  leaden,  fed  by  the  esKtensive  snow  fields 
of  this  portion  of  the  Ghugadi  Mountains. 

This  fiord  was  visited  by  Cook  in  1778,  Meares  in  1786,  Dixon  in  1787,  Fidalgo  in  1790^ 
and  Johnstone  in  1794,  but  none  of  these  explorers  mention  floating  ice.  from  wliich  we 
infer  that  thcrc^  wjis  no  tidal  giucier  within  it  in  the  latter  part  of  the  eighteenth  century'. 
Their  descriptions  of  the  snow-capped  mountains  suggest  conditions  not  unliice  those  at 
present. 
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PBtroff  intimates '  that  some  of  the  early  Russian  accounts  to  which  he  had  aoceai^ 
rnggested  a  tidal  glacier  in  Port  Fidalgo,  and  in  one  place  he  speaks  of  the  "tremendous 
l^iers**  in  Port  Fidalgo.  As  he  seems  to  have  made  a  mistake  wnth  regard  to  the  Valdez 
Glacier  being  tidal  at  the  same  time  and  Columbia  Bay  ha\  ing  no  tidal  glacier,  it  is 
quite  possible  that  he  is  in  error  about  the  hord  in  which  these  glaciers  were  located. 

Liliay»  1806»  Port  FSdalgoinw  explored  by  F.C.Sclinder*^riio  found  IM 
gbwiaEB,  but  reported  that  "the  dune  is  mountainous  Umugfaout,  tome  of  tiio  moun- 
tains rising  to  a  height  of  4000  feet,  into  a  region  of  perx>etual  snow  and  gladon*  flq>e- 
cially  on  the  north  and  east.  Two  mountain  streams  of  considerable  size,  and  appamUST 
of  glacial  origin  enter  the  inlet  near  the  head^ — one  from  the  nortli  and  one  from  the  east. 
They  have  done  much  toward  silting  up  the  inlet,  and  flow  over  extensive  deltoid  deposits 
of  gravel  and  mud  fiats  at  their  mouths,  especially  at  low  tide."  In  this  year  Emil 
IbhloBiadftavou^eoatonr  mi9  of  PortFidalgih  inthoutm^tpingaiiyof  the  ^acien. 

Tlie  U.  S.  CoMt  and  Geodetic  Survey  partiee  *  in  IMl  and  1008  nu^ped  a  smaD  See 
mass  on  the  slopes  of  Mt.  Demon*  Grant  and  Higgins  made  a  geological  map  of  Port 
Fidalgo  in  1908,*  showing  one  small  non-tidal  ice  tongue  near  the  head  of  tlie  fiord. 
Excepting  at  Goose  Island  our  own  knowledge  of  Port  Fidalgo,  as  well  as  the  fiords 
of  Port  Gravina,  and  Sheep  and  Simpson  Bays  at  the  south,  are  based  entirely  upon 
oboervations  from  the  steamers  and  from  launch  trips  past  the  mouths  of  these  indentar 
tioni. 

CHaeiaHon  Abov9  Sea  IamL  The  fiord  walls  above  eea  level  suggest  the  same  profound 
facial  erosian  obsorved  in  tiie  parts  of  Prince  WiDiam  Sound  already  described.  There 
are  cirques  in  the  mountains  and  tlie  fiord  walls  are  rounded  and  smoothed.  Bligh  Is- 
land (1634  feet  high),  north  of  the  entrance  of  Port  Fidalgo,  has  the  rounded  form  that 
shows  it  was  completely  overridden  by  ice.  On  the  eastern  side  of  Tatitlek  Narrows, 
near  EUamer,  the  height  of  glaciation  determined  by  Grant'  and  Capps* was 2800  to 
OOOefeet  Goose  Island  («m  fart  hW»  south  of  tbe  entrance  of  Port  Fiddgo»liast]i« 
itmnded  fonn  resulting  from  oompleteoivenidtng  by  the  i^acitt  The  steepened  slope  of 
Knofwiea  Head,  between  Ports  Fidalgo  and  Gravina,  is  interpreted  as  the  result  of  glacial 
erosion  rather  than  of  wave  work,  which  does  not  at  present  reach  its  base,  the  promi- 
nent yellowish  landslide  upon  its  face  being  an  indirect  recent  result  of  glacial  overstep 
ening. 

Swbmianm  Form  qf  Fiord  Tknm^  Olaeialion,  Below  sea  level  the  soundings  also 
indicate  extenave  glacial  erosion.  No  soundings  have  been  made  in  the  esslem  half  of 

Port  Fidalgo  beyond  fish  Bsy;  but  horn  this  point  westward  to  Mnoe  William  Sound 
the  detailed  soundings  by  the  Coast  Survey '  show  that  the  outer  part  of  the  fiord  has  a 
depth  of  542  to  714  feet,  with  a  slight  westward  upgrade  in  the  broml  outer  part  where 
glacial  erosion  was  less  effective  because  the  fiord  walls  are  farther  apart.    The  cross- 

>  PetroiT.  Ivan.  Populatkiw  ladoibiw  and  BcMancs  of  Alufai,  Tbatfc  Ccom  ol  the  Unitad  StotM,  1880^ 
Vd.  VIU.  1884.  p.  S7. 
«8Aieder,F»C.,AEeeBMB«iMM>eeofaPwtofPriBes1finhm8w^ 

b  1898,  20th  Am.  Bept..  U.  S.  Geol.  Survey,  Part  VIL  1W)0>  pp.  SM  sad  980. 
»  U.  S.  CoMt  and  Geod  Sur\'ey.  Chart  8519.  1907. 

« Gnmt,  V.  S.  and  Higgins,  D.  P.,  Bull.  U.  S.  Geol.  9amy,  1910,  Fl.  I,  bdng  p.  10,  PI.  11.  in  podcet 
» Op.  dt.,  p.  19. 

•  Capps.  S.  H.  and  Johnson,  B.  L..  Bull.  Sii.  V.  S.  GeoL  Sonngr,  1918^  P»  80. 
1 V.  S.  Coaat  and^Gcod.  Survey.  CbarU  8519  and  8550. 
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MeHon  ol  the  fioid  is  bfoad^  U-ohqted,  llie  aides  HiMWWKiing  to  ft  de|iUi  of  000  feel  m 
three-eighths  of  a  mile.  For  a  width  ol  1}  to  1|  ndks  there  is  rather  flat  bottom  at  • 

depth  of  about  600  feet. 

Submerged  Hanging  Valleys.  All  of  tlie  bays  tributary  to  western  Port  Fidalgo  arc 
submerged  hanging  valleys.  Fish  Bay  (PI.  CXLVI),  which  is  90  to  96  feet  de<^p  at  the 
mouth,  hangs  at  least  500  feet;  the  bottom  of  the  umiamed  cove  on  the  southern  side 
of  the  fiotd  opposite  Kdi  Bay  is  a  little  less;  while  Landlocked,  Boakkr  mad 

Bowie  Bays,  and  Snug  Comer  Cove  hang  still  less  above  the  bottom  of  the  fioid,  as 
-would  be  natural  with  the  greater  size  of  these  bays  and  of  the  tribataiy  ice  tongues 
whif  h  fornierly  occupied  them.  Port  Fidalgo,  714  feet  deep  at  the  month,  is  itself  a 
submerged  hanging  valley  in  relation  to  Prince  William  Sound,  which  in  a  distance  of 
2J  miles  reaches  a  d^th  of  1350  feet.  This  fiord,  therefore,  hangs  over  600  feet  al>ove 
Prince  William  Sound,  where  the  larger  glacier  presumably  ooded  more  effective^  than 
tiie  Fort  Fidalgo  Glacier.  The  channd  between  Goose  Uand  and  Foraqiine  Fohit  at 
the  southern  entrance  to  Port  Fidalgo,  wfaidi  has  an  average  depth  of  leas  than  50  feet, 
and  a  marimnm  depth  of  160  feet,  shows  a  similar  hanging  rdatioodiq>  at  botii  the 
northern  and  southern  ends. 

Tatitlek  Narrows,  with  dq>ths  of  66  feet  or  less,  hangs  90  fe<»t  or  more  al>ove  Boulder 
Bay,  which  itself  hangs  twice  that  amount  above  Port  Fidalgo.  Tatitlek  Narrows  also 
hangs  above  Valdez  Arm  (Fig.  28)  at  the  northern  «id.  Grant  and  Higgins  state  ^ 
that  this  strait  lies  in  a  belt  of  weak  black  dates  and  has  an  island  of  mristast  diabaae. 
These  nanows  constitute  a  submerged  hanging  vaUqr  of  the  third  order,  being  diseorcfamt 
in  relation  to  Boulder  Bsy  which  hangs  above  Ftet  FSdalgo  which,  in  tmn,  haqgi  above 
Prince  William  Sound. 

Glacial  Deposits.  The  deposits  in  the  explored  portion  of  this  fiord  are  shown  by  the 
Coast  Survey  chart  to  be  almost  uniformly  soft  or  sticlty  blue  mud  or  fine  sand.  We 
have  little  information  about  the  glacial  deposits  above  aaa  level  along  the  sides  of  Fort 
Fidalgo  and  the  tributaiy  vaBeys.  There  are  small  terraces  of  outwash  gravel  near  the 
entrance  of  the  fiord.  Bligh  Island  has  "gravel  depodts  containing  exotic  materials^'* 
as  Schrader  and  Spemser  noted  in  1900,*  and  there  is  also  till  with  foreign  mafeeriala  oa 
Goose  Island,  as  we  observed  in  1910. 

Port  Grarina.  Port  Gravina,  .southeast  of  Port  Fidalgo,  is  of  smaller  size,  having  a 
length  vary  ing  from  13  to  16  miles,  as  shown  on  different  maps.  It  flares  open  rather 
widely  at  ^e  month,  where  it  is  half  as  wide  again  as  Port  Fidalgo.  This  fiord  citende 
bade  into  the  Chugadi  Mountains,  with  pesks  on  dUier  side  luing  to  about  the  sane 
heists  as  those  around  Port  Fidalgo  and  with  steqp  waOs,  those  on  tiie  southern  side 
rising  to  2162  feet  within  half  a  mile  of  the  shore. 

Most  if  not  all  of  the  glaciers  about  the  head  of  Port  Gravina  are  small  and  only  a  few 
of  them  have  even  been  indicated  upon  maps,  two  small  ones,  sketched  from  a  distaiKJC, 
being  shown  on  the  Grant  and  Higgins  map.  None  of  them  has  been  studied  by  a^y 
penoBS  exploring  Prince  William  Sound,  aiid  we  obaerved  them  oiilty  bom  a  distaaee 
near  the  mouth  of  the  fiord.  Glacial  erosion  and  gbMsal  deposits  have  not  been  investi- 
gated as  yet,  and  there  are  no  soundings  at  Fort  Gravina,  so  that  we  lack  all  specific 

>  Op.  dt,  pw  Mk. 

•  Scfarmder,  F.  C.  and  Spencer,  A.  C.,  Groing}-  and  ^finc^a1  Re.^urcH's  of  a  Portkm  of  tts  Gbppv Biw Dis> 
4iiet,  Akika,  Home  Doc.  M6»  fiSth  CongreM,  iod  Sewoo,  Wwhington,  1901,  p.  81. 
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Ona  Baif  and  Orea  Inlet — Topography.  These  two  Inleta  border  Hawkins  Island  on 
the  northern  and  southern  sides,  Orca  Bay,  which  has  also  been  called  Cordova  Bay, 
being  tributary  to  Prince  William  Sound  just  south  of  Port  Gravina,  while  Orca  Inlet 
opens  into  the  Pacific  Ocean  south  of  Hawkins  and  east  of  Hinchinbrook  Island.  The 
two  inlets  unite  east  ol  Salmo  Point  on  the  eastern  end  ol  Hawkins  Island,  fwrning  a 
iovdtf}  BiQet  in  ]a^{th  with  a  width  of  a  little  kv  than  1|  miles,  at  the 

Orca  Bay  extends  wvstward  iiom  Safano  Point  for  at  least  18  miles,  increasing  gieattsr 
in  width,  so  that  between  Gravina  Point  and  Hawkins  Island  Cutoff  it  has  a  breadth  of 
7§  miles.  Simpson  and  Sheep  Bays  are  its  tributaries  on  the  northern  side,  and  on  the 
southern  side  are  Windy  Bay,  Cedar  Bay,  and  numerous  other  small  indentations,  such 
as  Hawkins  Island  Cutoff  and  Canoe  Passage,  which  connect  this  part  of  Prince  William 
Sound  with  Orca  Inlet  and  the  Pacific  Ocean. 

Orca  Inlet  extends  southwestwaid  for  about  16  miles,  not  ihdnding  the  portion  east 
of  Salmo  P<Hnt  nor  that  leading  to  HawUns  Ishind  Cutoff,  incVBMing  in  width  to  $  miles. 
Odiak  Slough  enters  Orca  Inlet  at  the  town  of  Cordova.  A  great  eontnst  between  Orca 
Inlet  and  Orca  Bay  is  that  the  southwestern  two-thirds  of  the  former  is  so  shallow  that 
it  is  navigable  only  by  small  boats,  while  the  latter  is  a  deep  fiord,  traversed  by  ships  on 
their  way  to  Cordova. 

The  shores  of  both  Ona  Inlet  and  Oica  Boy  «•  and  steep,  aa  in  the  case  of  the 
otter  fiords  of  western  Prinee  ¥^lliam  Sound,  though  in  each  case  the  outer,  western 
portions  are  much  lower  than  the  inner  portions.  Tlieoestamhatf  of  oichof  tiieoeinkte 
has  walls  rising  to  elevations  of  2000  to  3000  feet  or  more. 

Size  of  Glaciers.  The  largest  glaciers  at  present  known  to  be  tributary  to  any  of  the 
fiords  of  eastern  Prince  William  Sound,  excepting  Port  Valdez,  descend  from  the  snow- 
capi>ed  mountains  east  of  the  end  of  Orca  Inlet.  The  greater  size  of  these  ice  tongues 
is  perhi^M  dno  to  tte  feet  that  this  part  of  dm  €hngaA  IffonwtnfaM  is  higher  tlmn  that 
near  the  heads  of  Ports  FIdalgo  and  Gravina,  or  pedmpi  to  the  heavier  precipitation 
apon  this  portion  of  the  mountains  nearest  the  ocean.  The  higoit  of  tiieae  i^uatn, 
none  of  which  reach  tidewater,  is  Shephard  Glacier. 

Shepkard  and  Adjacent  Glaciers.  Shephani  Glacier  which  has  not  been  visited  or  stud- 
ied by  any  geologist,  though  roughly  mapped  from  a  distance  by  Grant  and  Iliggins,'  (PI. 
XCIU)  comes  from  snowfields  a  considerable  distance  back  in  the  mountains.  It  fiows 
aoQthweitwarl  from  the  portion  of  theChugach  Moimtabs  oast  of  the  head  of  Oie^ 
and  haa  an  mwrnBly  inegular  shape.  The  iqyper  pert  has  a  widtii  of  about  1}  mileo, 
end  aonda  two  distributary  ice  tongues  northward  about  a  mile  into  the  valley  which 
continues  northeastward  from  the  head  of  Orca  Inlet.  Below  these  distributaries  the 
main  f^lacier  continues  south  westward,  for  about  3^  miles,  with  an  average  width  of  f 
of  a  mile,  the  terminus  being  2^  miles  cast  of  the  head  of  Orca  Inlet.  From  this  terminus 
of  Shephard  Glacier  a  stream  flows  to  Eyak  Lake,  through  a  valley  which  parallels  Orca 
Inlet.  Anotiier  glacial  distrilmtaiy  east  of  the  mam  ioetoogue  flows  ^ 
H  milee  and  givea  rise  to  Ibedc  Cveeh  iriiidi  }ohH  the  rtieem  of  Soott  Ghusicr  whidi  flo^ 
into  the  Fkcific  Ocean  east  of  the  valley  of  Eyak  Lake.  Shephard  Glacier,  therefore,  has 
(a)  one  amaU  distributaiy  whose  glacial  stream  flows  directly  into  the  Pacific  Ooeen; 
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(b)  a  main  ice  tongiie  wbo&t  ttveam  fkms  into  ^yak  Lake^  mbidk  diaim  bj  Bfounlain  | 

Slough  over  the  Copper  Biver  delta  to  the  Pacific  Ocean;  and  (c)  two  amaUer  distxilM-  , 
taries,  which  send  streams  directly  to  the  head  of  Orca  Inlet.  I 

Since  we  have  not  visited  Shephard  Glacier  we  lack  further  information  about  it.  ! 
There  are  two  urirmme<l  ice  tongues  to  the  north,  each  of  which  is  over  half  a  mile  in  width.  ! 
Their  streams  join  the  one  from  Shephurd  Glacier  which  flows  to  the  head  of  Orca  Inlet. 

Glaemn    Shttp  mii  Simpton  Baif§,  Themooiitaiiiaafttlieliaadaf  Sheep  and  SinqH 
aon  Baya  liw  piet^toualy  to  a  oonadefable  liei^t  and 

have  been  miqyped  or  obaerved  fran  nearer  than  the  entrance  to  tfacae  bays.  The  fiord 
walls  are  very  steep,  the  northwestern  side  of  Sheq>  Bay  rising  to  an  elevation  of  2520 
feet  within  a  mile  of  sea  level.  There  are  many  large  cirques  in  these  mountains,  due  to 
extensive  former  l<x"al  glaciation.  Within  Sheep  Bay  the  depth  of  water  varies  from  144  ' 
to  800  feet  with  a  .sliallower  inner  portion  studded  with  islands,  suggesting  that  there  has 
never  been  a  \ery  great  glacier  extending  from  the  hend  ot  thia  inlet.  The  upper  part  of 
ffimpaoB  Bay  ia  alao  irregular,  with  laige  peninanlaa. 

daoia/  Erotion  in  Orca  Bay  and  Orca  Inlet.  These  arms  of  the  sea  are  typical  fiords 
and  have  the  usual  characteristics  of  marked  modification  by  glacial  erosion.  The  higbw 
mountains  at  the  head  of  Orca  Inlet  and  Simpson  and  Sheep  Bays,  have  large  areas  of 
rounde<i,  hare  rock  and  many  cirques  and  hanging  valleys.  Some  of  the  lower  slopes 
of  the  hord  walls  are  much  oversteepened  by  glacial  erosion,  tlic  southeastern  side  of 
Orca  Inkt,  between  Orca  canneiy  ami  Cordova,  for  inatanee^  rising  to  1  WO  feet  within 
a  half  mile  of  aea  level,  but  only  888  feet  in  the  next  half  mile.  All  of  the  fiord  waQa  do 
not  rise  so  steeply,  however,  and  parts  of  outer  Orca  Bay  have  rathtf  loiw,ak^iing  ahoiec. 
In  Orca  Inlet  the  smoothing  by  Lie  former  *ce  tongue  extends  up  to  2300  'eet,  and  north 
of  Orca  Bay  to  2500  feet,  as  estimated  by  Grant  and  Higgins.'  In  ttie  town  of  Cordova 
obsen  ations  of  the  direction  of  striae,  by  the  junior  author  in  1910,  make  it  clear  that  the 
ice  of  one  of  the  expanded  lobes  of  Shephard  Glacier  advanced  down  the  valley  of  £yak 
Lake,  and  spilled  over  into  Orca  Inlet.  This  reauUed  in  notable  ahorteoing  of  the  spur 
iqwn  whidk  Owdova  ia  biuit. 

Glacial  erosion  below  sea  level  is  shown  very  well  by  the  detailed  soimdings  on  the 
Coast  Survey  charts.*  Orca  Bay  has  a  depth  of  198  feet  at  Salmo  Point,  and  deepena 
rapidly  to  744  feet  opposite  Simpson  Bay,  7j  miles  from  Salmo  Point;  but  this  is  an  ex- 
ertional depth,  for  in  the  next  11  miles,  westward  to  tlie  mouth,  the  depth  is  only  400 
to  500  feet.  The  portion  opposite  the  mouth  of  Simpson  Bay  may  be  a  basin  due  to 
gladal  aoooping.  Near  ito  outer  edge  there  aie  rock  reeb  Including  Hankal^^ 
crer  Bock,  and  a  series  of  shoals  which  extend  needy  halfway  acroaa  Orea  Bay.  Sheep 
Bay,  which  is  as  wide  at  the  mouth  as  Orca  Bay  at  this  point,  does  not  i4>pear  to  have 
a  hanging  relationship  to  Orca  Bay.  Simpson  Bay  occupies  a  submerged  hanging  valley, 
being  120  to  886  feet  deep  at  tlic  entrance,  wliilc  just  outside  the  lip  of  the  hanging  valley, 
the  depth  is  516  feet,  a  discordanc  e  of  at  least  180  feet.  Windy  Bay,  on  the  soutliern 
side  of  Orca  Bay,  is  a  submerged  hanging  valley,  having  a  depth  of  114  to  174  feet  at  the 
entrance  and  hanging  546  feet  above  the  bed  of  Oica  Bay,  wtSA  is  here  710  feet  deapw 
Both  Canoe  Paaaage  and  Hawkina  laland  Cutoff  are  apparently  hanging  vaUsiya,  htA 
there  k  an  unknown  thickneaa  of  depoait  in  each. 

>  Gim»  U.  &  and  Bli^  D.  F«  ML  4111  v.  &  G«i  Boragr  ItUl  p^  It. 
•  U.  &  Coait  aad  GMd.  8aff««^  Chaili  UM  nd  ami 
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The  amount  of  glacial  erosion  below  sea  level  in  most  of  Orca  Inlet  is  entirely  concealed 
by  depodU.  The  pnrt  of  Oica  Inlet  hem  Cotdan  to  liw  lieid  hu  dqgtlui  of  fnim  00 
to  CSS  f eet  east  of  Sahno  Pmnt,  Irat  is  mncii  dialloww  from  that  iMint  to  CoidoiVM,  with 

depths  of  from  6  to  30  or  40  feet  and  with  many  shoals  and  a  few  navigable  channels  in 
which  the  maximum  depth  of  water  is  90  feet.  Southwestward  from  Cordova  the  depth 
is  generally  12  feet  or  less,  excepting  for  one  or  two  small  discontinuous  channels.  Thus 
it  is  evident  that  Orca  Inlet  ditfers  from  all  the  otlier  fiords  in  Prince  William  Sound, 
and  indeed  from  most  Alaskan  fiords,  in  being  shallow.  It  is  a  fiord  nevertheless  but 
onaweiy  nmdi  mndMad  by  depositim. 

(SSoeuii  DeptmU  on  ih»  Land,  Glacial  dqMMitB  aioimd  Orca  Bay  and  Qrea  Inlet  are 
inconspi(  uous,  being  thin  or  absent  because  of  the  steepiMBB  of  the  fiord  walls.  Uncon- 
solidated till  with  striated,  angular  bowlders  may  be  seen  in  a  number  of  cliffs  along  the 
coast,  near  Cordova,  and  in  the  town.  There  are  also  small  patches  of  outwash  gravel, 
including  severjil  near  the  town  of  Cordova.  The  largest  area  where  these  are  de\  eloped, 
so  far  as  we  know,  is  a  large  valley  train,  described  to  us  by  prospectors  as  occupying 
the  valley  which  leads  northeastward,  from  the  head  of  Orca  Inlet  to  the  northern  margin 
of  Shephaxd  Glacier  and  the  adjacent  ioe  tongues.  There  are  small  temoei  of  outwaah 
gravel  on  the  mainland  north  of  Orca  Bay.  and  on  the  northern  aide  of  Hanrkina  Iilaiid 
at  the  narrowest  portion  of  the  Salmo  Point  peninsula. 

Submerged  Glacial  De-posits.  In  these  fiords  the  gl.-icial  deposits  below  sea  level  are 
the  most  extensive  and  we  shall  deseril)€  in  order  (1 )  the  bottom  deposits  of  Orca  Bay, 
which  do  not  seem  to  form  submerged  moraines  but  mantle  the  bottom  of  the  fiord,  (2) 
the  depoeite  irtdeh  have  filled  op  the  larger  part  of  Ofeca  Inlet,  and  (8)  the  Iffiddfo 
Shoal  of  Orca  Bay,  whidi  is  a  tidal  delta  bn&t  by  gladal  marine  deponts  from  Orca 
Inlet. 

In  the  fiords  of  the  northern  and  western  sides  of  Prince  William  Sound,  the  deposita 
below  .sea  level  are  imperfec  tly  descriheil,  because,  in  connection  with  the  soundings 
which  we  made,  no  samples  of  l)<)ttotn  material  were  collected.  Accordingly,  we  have 
thus  far  discussed  only  glacial  deposits  on  the  sea  bottom  where  they  stood  up  as  moraines. 
Id  Orca  Bay  and  Orca  Inlet  the  detailed  Coast  Smrey  charts  fnraldi  some  indication 

of  bottom  material  as  well  as  depths.  We  can,  therefore,  describe*  in  a  general  way,  the 
bottom  deposits  in  Orca  Bay,  which  seem  to  have  been  made  by  a  greater  glacier  filling 
the  whole  fiord  and  which  probably  retreated  eastward  into  the  moimtains  northeast 
of  Orca  Inlet  and  the  mountains  northeast  of  the  heads  of  Sheep  and  Simpson  Bays. 
These  deposits  are  all  to  be  classed  as  glacial,  for  no  sediment-laden  streams  of  any  size 

now  enter  Orca  Bay,  and  the  former  rivers,  whose  deposits  partly  mantle  the  material 

dropped  by  the  retreating  gladevs  and  by  fiooting  icebergs,  were  all  glacial  streams. 
"bk  the  eastern  part  of  Orca  Bay,  from  Bomb  Point,  to  the  Salmo  Point  Narrows  the 

diart  indicates  roc^  bottom  and  sand,  a  oonditioin  not  foond  elsewhere  in  the  fiord 

excepting  close  to  the  shore.  This  suggests  a  bottom  veneer  of  mnrainic  deposits,  lliere 

are  small  patches  of  mud  in  mid-fiord. 

From  this  point  westward  the  fiord  has  a  bottom  of  sticky  or  soft  mud.  evidently 

brought  in  by  tidal  currents,  with  hard  material  only  rarely,  and  \^ith  rocky  bottom  only 

near  shore. 

The  ahaDow  western  two>thirds  of  Orca  Inlet  lias  been  so  modified  by  filling  that 
moat  of  it  ia  mmavigable^  the  filling  having  been  largdydone  by  tidal  eoneatStWlddi  are 
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still  engaged  in  llie  Mune  mxik.  Tbese  deporito  may  be  spoken  of  as  ^adal  depodtts 
because  they  were  f  omwriy  and  are  still  beboig  s«q^)Iied  afanoot  entirdy  by  stieams  firam 

melting  glaciers  fafthar  east*  notably  the  Scott,  Sheridan,  and  Martin  River  Glaciers, 
and  smaller  ice  tongues  along  the  mountain  front,  and  the  Miles,  Childs,  Groodwin,  Allen, 
Heney,  and  other  glaciers  of  the  Copper  River  valley.  The  Copper  River,  a  great  over- 
burdened glacial  stream,  has  built  an  enormous  delta,  coalescing  witli  tlie  deltas  of  Eyak 
and  Martin  Rivers.  Much  of  the  finer  material  is  carried  out  beyond  this  delta  and  is 
drifted  irastwaid  along  shorn  and,  since  Otaft  Inlet  is  tlie  ii^ 
a  laige  aniounft  of  ttie  sedinient  has  been  driven  into  it,  so  neatly  fi^ 
low,  shallow  channels  are  occupied  by  water  at  low  tide. 

The  third  deposit  of  glacial  origin  below  sea  level,  is  Middle  Ground  Shoal,  a  triangular 
area  projecting  into  Orca  Bay  from  Hawkins  Island  CutoflP,  and  interpreted  as  a  tidal 
delta.  It  is  composed  of  fine  sand  and  clay  similar  to  that  filling  Orca  Inlet  and  derived 
from  the  mxme  source.  This  sediment  is  part  of  the  material  that  was  drifted  into  OrcA 
Inlet  in  snqpension,  and  swept  tiiiou^  Hni^ins  Idand  Cutoff, « 
tidal  eniients  are  fiheckfid  in  the  broad  outer  portion  of  Oven  Bay. 

This  deltoid  riioal,  S  miles  wide  near  the  land,  extends  northward  3}  milea  into  Okea 
Bay.  It  is  covered  at  mean  low  tide  by  water  only  Ij  to  15  feet  de^,  and  has  nai^ 
row  distributary  channels  21  to  30  feet  in  depth.  At  the  front  and  edges  of  this  tidal 
delta  the  depth  increases  rapidly,  reachinj;^  156  feet  in  a  little  over  a  quarter  of  a  mile 
and  300  or  400  feet  a  little  further  out.  The  triangular  dei}Osit  has,  therefore,  been  built 
in  deep  iraler  and  is  still  being  eoctended.  Its  maisins  slope  7}**  to  10^.  The  rhaanrf 
inHsi^ins  Idand  Cutoff  end  the  distributaiy  duuinds  on  the  ttdal  delto  are  kept  open 
by  the  tide,  which  moves  both  ways  throng  the  strait. 
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GLACIERS  NEAR  THE  COPPER  RIVER  DELTA 

General  Kelatiokbhips 

The  glaciers  described  in  this  chapter  inchide: — (1)  tlio  S<-of  t,  Sheridan,  and  ShenBMl 
Glaciers,  between  the  town  of  Cordova  and  the  Copper  River,  (4)  the  Goodwin,  Fickett, 
Saddlebag,  and  McPherson  Glaciers,  a  group  of  ice  tongues  on  each  side  of  Copper  River 
between  its  delta  and  the  Childs  and  Miles  Glaciers;  and  (3)  Jchnatm  and  Martin  River 
G]Mi0i%eaatcltfa0CciipcrBiy«rdfllU«tt]ieb«eolt]ieC^  Someol 
tiMW  glacien  dnm  into  the  Copper  Biver  but  fhe  atseems  from  duee  of  the  largest  ice 
tongues  pursue  independent  courses  to  the  sea,  forming  outwaih  gntvd  ideins  end  ddlteit 
wUdi  ooeleaoe  with  tlie  great  delta  of  the  Copper  River. 

Glaciebs  We»t  or  ComsB  Rivsb 

Seott  Olaeier — General  Description.  There  are  several  anall  ^bfsAen  in  cirques  aloqg 
the  mountain  front,  but  Scott  Glacier  is  the  first  larpo  ice  tongue  seen  from  the  Copper 
River  and  Northwestern  Railway  between  Cordova  and  the  Copper  River.  It  occupies 
a  valley  inmiediately  east  of  the  mountain  ridge  in  which  £yak  Lake  lies  and  has  a  known 
length  of  neeil^ik  alike  and  ft  width  of  about  ft  nik  BOW  tihelend^ 
lake  half  ft  mile  kng. 

The  amfeoe  of  Scott  Glacier  does  not  seem  from  a  distance  to  be  mudi  crevassed  end 
there  are  several  medial  moraines.   We  lack  further  information  about  it,  however, 

not  having  seen  it  from  nearer  than  the  railway,  a  distance  of  7  miles.  No  one  interested 
in  glaciers  seems  to  have  visited  or  described  it  and  the  only  general  representations  of 
it  upon  maps  were  made  by  Allen '  in  1885,  Abercrombie '  in  1898,  and  Grant  and  Hig- 
gine<inlM6. 

(httwoA  Plam*  Between  the  glacier  and  the  railway  is  an  eztenaiye  oatwaah  gravel 
plein»  parts  of  which  are  still  being  built  up  by  Eyak  River  and  by  the  heavily-laden 
ftlfWP  from  Scott  Glacier,  which  is  reinforced  by  a  stream  from  one  of  the  eastern  lobes 
of  Shephard  Glacier.  WTiere  these  streams  are  actively  building,  the  plain  is  barren, 
but  the  portions  of  it  over  which  streams  have  not  rec  ently  worked  are  heavily  forested, 
and  some  parts  between  the  railway  and  the  ocean  are  extensive  grassy  marshes. 

&ktnim  Oheim^Preriom  DnenpHom,  SMridanGlaaerisaoon^iicooiuioetoagne, 

■  AOn,  Hrnty  T.,  Report  of  a  MiliLaiy  Keconnoisaaoce  in  Alaska,  NairatiTea  ot  £zploratioiu  in  Alaika, 

»  AbCTcrombie,  W.  R.,  War  Dept.,  Ar!j.-Gen.  Office,  M©.  XXV,  1899,  map  in  pocket.  Abercmmbic  doubt- 
IcM  made  maps  in  1884  of  this  and  aome  of  tiie  other  i^aeiai  deaciibed  in  thia  chapter,  but  ihey  w»e  not 
pabBdied  in  Ut  npait  sad  an  aot  mm  «ii  ik  at  Oa  War  DepartmMt 

•  Grant.  U.  5.  and  B^Mk  !>• '-t  BdL  U.  &  GaoL  Samj.  IflM^  R IV,  ImI^  p.  88;  BdL 411^ 
1910bFls.IaadU. 
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about  Uf  miles  east  of  Cordova  (PL  XCm),  teminatiiig  a  Kttle  over  2  miles  north  of 
the  railway.  It  has  been  briefly  mentioned  and  sketched  upon  maps  by  Abercrombie  '  in 
1884  and  1898,  Seton  Karr^  in  1886,  and  Witherspoon'  in  1900  and  1911.  Our  own 
observations  are  based  upon  two  days  work  in  1910  by  the  junior  author  and  general 
views  from  the  railway  in  1909  and  1911. 

VdUlf  Portion,  lliegladerhasaivdlHiefiiiodvalky  porlioii,!^^ 
<x  6000  feet  above  sea  krvdi  and  nipf>lied  by  at  least  two  main  tiibataries.  Fovr  orfive 
caaeading  ke  tongues  reach  the  glacier,  and  there  are  two  or  three  hanging  glaciers  whidi 
no  longer  supply  ice  to  it.  The  valley  tongue  of  Sheridan  Glacier  is  about  a  raile  wide 
and  at  least  5|  miles  long.  It  is  clean  and  little  cievaased  and  has  one  weak  medial 
moraine  near  the  eastern  margin. 

BfiOhShaped  Terminus.  Beyond  the  mountain  face  the  glader  expands  into  s  Indb- 
diaped  tenniniis,  doping  in  all  <Kractioos  horn  the  moulli  of  the  ndkgr.  Tliis  bulb,  m 
0>yer4mile8kagand8mfleiwide,  terminating  about  ItfO  feet  above  aea  levd.  lioatef 
HtsoifMe  is  wHbottt  moraine  and  it  was  little  crevaased  in  1010.  Tlie  terminus,  however, 
bears  a  narrow  band  of  ablation  moraine,  broadest  near  the  western  edge.  Close  to  the 
front  of  Sheridan  Glacier  bulb  is  a  low,  narrow  terminal  moraine,  covered  with  a  tbkk 
growth  of  alder,  cottonwood  and  some  conifers. 

Seton  Karr*s  drawing  and  description  of  the  gUuner  in  18M  *  makes  it  dear  that  the 
expansion  of  the  bulb  took  place  more  than  96  yean  ago  and  that  tbeie  has  been  little 
recession  since  that  time.  The  presence  of  thidk  mature  forest  up  to  the  very  edge  of 
the  bulb  indicates  that  the  glacier  has  not  been  more  extensive  for  a  score  of  years,  per- 
haps for  a  century.  A  comparison  of  photographs  shows  that  there  was  no  significant 
change  between  1908  and  1010,  with  the  exception  of  a  slight  thinning  by  ablation;  and 
there  was  uo  visible  change  from  1910  to  1911.  At  the  very  front  of  the  glacier,  and  east 
of  the  mkldle,  is  a  great  rod^  knob  to  the  summit  of  wfaiefa  the  ioe  rises,  but  without  pasa- 
ing  over  it  or  covering  the  seutbon  side.  This  knob  gives  a  convenient  basis  for  deter- 
mining future  oscillations  of  the  front  of  Sheridan  Glacier  in  the  way  of  moderate  advance 
or  of  a  continuation  cf  the  very  sli^^t  recession  which  has  charactoriaed  the  recent  histoix 
of  the  glacier. 

Ouiwash  Plain.  Between  the  glacier  and  the  sea  lies  an  extensive  out  wash  plain. 
The  stream  from  the  eastern  edge  of  Sheridan  Glacier,  probably  also  carrying  the  drain- 
age from  Shennan  Glacier,  is  building  an  extensive  alluvial  fan  which  is  separated  feosa 
the  main  outwash  gravd  plain  by  a  line  of  forest-covered  hiOs  near  Iffile  17,  several  boa- 
died  leet  high.  A  number  of  other  knobs  and  spun  lise  like  islands  through  the  out- 
wash  gravels.  East  of  this  alluvial  fan,  the  railway  crosses  several  low  ridges,  some  ol 
till,  some  of  rounded  gravels,  and  a  few  of  rock,  and  all  densely  forested.  It  is  clear  that 
these  unconsolidated  ridges  represent  remnants  of  a  terminal  moraine  of  an  eastward 

>  Abercrombie,  W.  R.,  Rqiort  of  •  Supplementary  Expedition  into  the  Copper  River  Valley.  Alaska.  N'arr»- 
tives  of  Explorations  in  Alaska,  Senate  Rept  \OiS,  56th  Congrea^  IstScMon,  WMUagtoa*  IWQ^  p.  984;  iWA* 
War  Dept.,  Adj.-G«n.  Office,  No.  XXV.         map  in  potk^ 

•  8al«iKHr.H.  W.,  aiamawl  Alps  of  Aluka.  ImAm.  UVT.p^  Ml-m. 

•  Witherspoon,  D.  C,  PI.  IT  in  IToiuc  Doc.  546.  56th  Congrww,  «nd  Session.  1901 ;  also  in  Bull.  S74.  U.  S.  GeoL 
Survciy,  1909,  PL  I;  for  detailed  map  made  in  1911,  ace  Brooka.  A.  II.  and  othera,  Baiiwajr  iUnitea  in  AlaMka* 
Bmms  Doe.  ISMt  MmI  Coafm*,  M  Scate.  WsiUinlnii,  1913.  Flala  5. 
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expansion  of  Shcridia  GImmt,  imtlier  thaii  ft  wwtiraid  iBtpMiMim  of  tbe  fofiMr  Ccpper 

River  Glacier. 

A  considerable  portion  of  the  main  outwash  gravel  plain,  north  of  the  railway,  and  of 
the  alluvial  fan  to  the  east  of  it»  is  forested;  but  where  the  present  streams  flow  there  are 
banen  areas  and  extensive  groves  of  dead  trees,  the  lower  portkiw  of  tbmr  trunks  being 
decplsr  baaed  in  gmvcL  TliekiUiiigof  matoresiiraoealiyaUimatioiiwaastiU 
m  1910.  South  <A  the  raihvay  much  of  the  outwash  giavd  plain  is  covered  with  8wan^> 
grass  because  it  is  too  wet  for  tree  growtftu  while  still  nearer  the  Pacific  than  are  broad 
areas  of  salt  marsh  and  mud  flat. 

Sherman  Glacier — General  Description.  Sherman  Glacier,'  occupying  the  valley  east 
of  Sheridan  Glacier  (PI.  XCIII),  has  its  main  source  3i00  feet  above  sea  level  in  the 
tnimtains  Immediately  west  of  tiia  CSoRper  River.  It  llowa  tovlhwestwani  "mUk  • 
kngtk  of  oiver  7|  mileB»  and  a  width  of  1|  mUes,  tenainatang  entively  within  its  mmm- 
tain  valley. 

Rdation  to  Sheridan  Glacier.  Sheridan  Glacier  bulb  completely  overlaps  the  mouth 
of  this  valley,  but  Sherman  Glacier  supplies  none  of  the  ice  of  the  present  bulb.  The 
early  maps  all  show  Sheridan  and  Sherman  Glaciers  uniting  and  forming  a  piedmont  ice 
mass;  but  this  was  discovered  to  be  an  error  by  the  junior  author  in  1910  and  is  correctly 
represented  on  Withenpoon's  revised  msp  of  1011.  A  view  ham  the  fan  of  ontwadi 
gravels  makes  it  clear  that  Sherman  Glacier  is  not  a  tributaiy,  but  an  independent 
Racier,  IliOQgh  the  two  may  be  in  actual  contact  in  a  short  portion  of  the  area  not  visible 
from  our  point  of  ol)ser\  ation.  A  roc-k  hill  rises  through  the  Sheridan  ice  in  one  portion 
of  the  margin.  The  two  glaciers  may  have  fed  one  piedmont  area  at  a  more  expanded 
stage  of  glaciation,  but  it  is  thought  possible  that  botli  ice  tongues  had  receded  into  their 
mountain  valleys  before  the  Sheridan  readvanced  and  formed  the  present  ice  bulb. 

SViMflriM.  In  addition  to  the  ice  supply  from  the  8800  foot  divide^  Shennan  Glacier 
is  fisd  by  three  or  more  stecpjycasrading  tributaries,  deew^ 

son  *  from  the  north.  Near  the  terminus  there  are  two  prominent  Iim^i^  valleys  oat 
of  the  mouths  of  which  cascading  glaciers  extend,  though  they  do  not  now  reach  down 
to  the  surface  of  the  main  glacier.  There  are  several  weak  medial  moraines,  but  the  sur- 
face of  the  glacier  is  very  clean  and  little  crevassed.  Sherman  Glacier  though  wider  than 
Sheridan  Glacier  in  its  mountain  valley,  and  with  more  medial  moraines,  and  presumably 
mote  tributaries,  is  mppma^  at  present  the  weaker  of  the  two;  for,  as  mdicated  abovob 
it  seems  not  to  have  partieqwted  in  the  advance  whidi  earned  the  bulb  of  the  Sheridan 
out  past  ^e  Sherman  terminus. 

Through  Glacier.  Rising  on  a  broad  snow  divide,  from  which  a  smaller  ice  tongue 
extends  eastward  to  the  Copper  River  valley,  Sherman  Glacier  is  an  excellent  illustration 
of  the  type  of  through  glacier,  for  which  Hobbs  ^  has  proposed  anotiier  name,  which  to 
us  seems  mudh  less  suggestive,  figuring  this  glacier  as  an  example.  The  map  upon  which 
he  baaed  his  figure  *  is  an  older  one  upon  which  the  topographer  transferred  the  name  of 
fijwtridMi  Gkeier  to  Shetman  Glader,  thougb  Abcrcrombie^  iriio  named  the  fonner, 
applied  it  to  the  weatemmoat  of  these  two  ice  tongues.' 

tlisBwd  in  1910  for  GenenJ  W.  T.  ShcnnBa. 

•  Named  in  1910  for  S.  Murdiiaoiw  «OB  cl  the  cegiam  tiho  im  pnaritanft  ia  lh»  briUog  <f 
Bhrer  and  Nortlnragtani  Bailway. 

•  BobUk  W.  R,  OweleiwHci  ol  Biblhif  GlsdMb  Htm  YoA,  1911.  pp.  4M. 
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Fickett  Gladm}  From  tlie  ftMO  loot  divide  ol  the  tiuooi^  i^er  of  wiiidi  Shennaa 
Glacier  is  the  western  end,  an  ice  tongue  deaoendB  eastward  towaid  tlie  Copper  River 
valley.  This  is  Fickett  Glacier,*  an  ice  ton^e  nearly  4  miles  long  and  from  half  a  mile 
to  a  mile  wide.  It  descends  over  2500  feet  from  snowfield  to  terminus  and  has  one  steeply- 
cascading  tributaiy  from  a  cirque  on  the  southern  side.  It  is  just  barely  visible  from  the 
Copp^  River  laihngr  and  wt  liavia  not  ^^roadied  it  6mAy, 

MdUbagOhntr.  Saddkbag  Glacier  is  »aiiianer,doiiMe-«Bdfidt]ifoi^ 
of  Fickett  Glader.  Its  two  members  rise  on  a  3000  foot  divide,  tiie  duNttor*  eaatem 
portion  having  a  length  of  1  i  miles  and  terminating  in  the  Copper  River  valley  about 
900  feet  above  sea  level,  while  the  larger,  southern  portion  is  3^  miles  long  and  descends 
to  within  iOO  feet  of  the  level  of  the  sea.  This  southern  portion  of  tlie  glacier,  which 
occupies  the  deep  valley  on  the  seaward  face  of  the  Chugach  Mountains,  between  Mc- 
XJnkgr  LoIdb  and  Copper  Biver*  ia  a  third  of  a  mile  wide  and  u  fed  not  only  by  the  ice 
tongue  from  the  thfooi^  divide,  but  by  a  tributaiy  fiom  a  Apholo- 
gnqph  by  H.  P.  Rttter  of  theU.  S.  Coaxt  and  Geodetic  Survey  shows  that  in  1890  it  was 
dean  and  little  cievassed,  and  had  a  narrow  barren  zone  in  front,  and  a  valley  train  of 
outwn,sh  gravels,  extending  southward  to  Copper  River.  Its  valley  walls,  seen  just 
before  crossing  the  Copper  River  on  the  first  steel  bridge,  have  been  rendered  very  pre- 
cipitous by  glacial  erosion.   There  are  also  small  glaciers  north  of  McKinley  Lake.* 

OooMi  QUui$t.  Goodwin  Glacier,  which  ia  imwwdialrfy  aoolii  of  ChiUs  Glacier, 
haa  a  known  length  of  neai)y  7  milee  and  a  width  in  tlie  mountain  vaOcy  of  three<lo«ctiia 
of  a  mile.  On  emerging  into  Copper  Biver  valley  tteipaads  into  a  piedmont  bulb  between 
two  and  three  miles  in  width.  It  rises  in  cirqties  and  snowfields  5000  to  6000  feet  above 
sea  level  on  the  slopes  of  Mt.  Murchison,  and  slopes  gradually,  at  an  angle  of  T*  in  the 
lower  portion,  but  with  no  visible  hanging  vaUey  relationships.  The  number  of  tribu- 
taries is  not  known,  but  there  are  two  conspicuous  ones  from  the  south,  which,  however, 
give  riae  to  no  medial  mondnoi.  Tbe  teniinns,  riling  about  400  feet  above  the  river, 
doeanot  Ibim  an  ice  cliff  in  Copper  Biver  aa  the  ChiMa  Glaeier  doea,  but  the  ice  oEteodi 
almost  to  the  water's  edge  being  s^tarated  only  by  a  crescentic  area  of  terminal  moraine 
and  outwash,  most  of  which  i.s  thickly  covered  with  alders  and  with  scattered  cottonwoods. 
Inside  tliis  forest  belt  is  a  barren  zone  of  moraine-covered  ice,  also  crescentic  in  form, 
and  extending  up  to  the  clear  ice  of  the  valley  glacier,  where  in  1910  there  woe  a  few 
reddish,  mmaine-covered  ice  cooes  and  some  grayish  ablation  moraine. 

Goodwin  Glacier  is  a  eonqneuoua  object  fram  portiona  of  the  Ckip^ 
weetem  Railway.  It  was  named  by  Abercrombie^*  iriio  in  1884  eanqied  upon  a  bamn 
part  of  the  outwash  deposit,  and  is  shown,  in  a  general  way,  on  his  1808  map.  This  map 
and  the  allusion  by  Seton  Karr*  to  Goodwin  and  Childs  Glaciers  as  ice  tongues  which 
spread  out  in  1886  "with  beautiful  fan-like  shape  to  the  river  level,"  make  it  clear  tl>at 
the  advance  and  expansion  of  the  Goodwin  bulb  took  place  over  "25  years  ago.  The 

>  Named  ia  1810  for  Vttd  W.  fkkett,  tiie  loldier  who  •ooompwiied  TiwmtfMnt  Alka  op  the  Copper  Biver 
bUB5. 

>  Not  Goodwin  Glacier  m  an  early  map  guggested. 

•  See  map  by  D.  C.  >Vither8poon,  Hull.  542,  V.  S.  Gol.  .Survey.  PI  III,  fa<iriK  p.  7S. 

*  Abeicrombie,  W.  Supplemeotaiy  Expedition  into  the  Copper  River  Valley,  Alaska,  Narratives  of  Ex- 
fioo^te  b         Snste  Bcpt  im  Mlh  Gowmii  lit  ScHioa,  WmU^^ 

t  Srtoo  Sm»  H.  W.,  Sbom  aad  Alps  «f  Ahika.  LoBdan»       p.  ITOl 
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f oreit  at  the  very  edge  ol  the  ^bcier  proves  that  tlie  glacier  has  not  been  notary  larger 
for  a  mnoli  greater  period. 

MePheraon  Glacier.  McPherson  Glacier  ^  is  a  moderate-sized  ioe  tongue  on  the  east- 
cm  side  of  Copper  River  south  of  Miles  Glacier.  The  main  ice  tongiie  has  a  length  of 
over  4  miles,  and  a  widtli  at  tlie  terminus  of  about  a  quarter  of  a  mile.  It  is  fed  by  two 
tributaries  from  the  southeast,  each  about  S  miles  in  length,  the  northernmost  heading 
on  a  0800  loot  divide  from  which  a  tributaiy  alao  flonro  northward  to  the  Miles  Glacier. 
Tbb  ioe  tongue  ia  not  known  to  have  neniHated  ligniflffMitly  bk  leeent  ywa.  It  was 
letreating  when  visited  by  the  juniOT  author  in  1010. 

In  its  lower  portion  McPherson  Glacier  emerges  from  a  hanging  vaUegr,  and  the  ter- 
minus of  the  glacier  cascades  800  to  1000  feet  over  the  lip  of  this  hanging  valley,  ending 
at  the  base  of  a  steep  rock  slope  at  an  elevation  of  SIO  feet  above  sea  level.  It  is  a 
conq)icuous  object  from  the  railway,  because  of  the  clean,  crevassed  condition  of  this 
terminal  cascade.  That  the  cascading  portion  of  the  i^acier  is  thin,  ia  proved  by  the 
emeigeneeof  a  rock  ledge  about  half  wagr  up  the  dope;  and  it  is  as  little  crevassed  as  a 
glacier  could  be  on  so  steep  a  slope.  This  terminal  ioe  cascade  occupies  only  the  southern 
half  <A  the  lip  of  the  ^^wgii^  ▼aUej*  and  that  it  has  recently  diminished  several  hundred 
feet  is  proved  by  a  barren  zone  on  the  northern  side.  For  many  years  the  ice  has  not 
covered  the  remainder  of  the  northern  half  of  the  valley  lip,  for  there  are  dense  thickets 
of  willow  and  alder  and  scattered  spruce  trees  upon  it.  There  is  no  further  evidence  as 
tovBcent  dianfei  in  this  glacier. 

At  •  distanoe  of  abovt  100  yaidi  in  ftoot  ol  MdPliienon  Glacier,  striated,  voonded  1^ 
kdigesoonalrici  tiieTaOqr,  and  a  short  disftanee  farther  west  another  rock  ledge  from  the 
north  projects  part  way  across  the  vall^.  On  approaching  McPherson  Glacier  from  the 
railway,  these  ledges  give  one  the  impression  that  they  are  large  terminal  moraines, 
but  although  morainic  material  has  accumulated  on  them,  there  are  no  indq)endent 
moraines  here,  though  there  is  a  low  terminal  moraine  nearer  the  glacier. 

flhm>  Ckacikt  the  rtreani  Ikoin  BCeFhenon  Crladert  hm  bnflt  in  stenriro  outwash 
gravd  plain,  above  the  kvd  of  wfaidi  are  focested  tenaoes  of  older  outwash.  The  plain 
broadens  Westward  and  eoaleseea  with  the  great  outwash  gravd  plain  of  the  Copper 
Biver. 

GLAcnaa  East  op  Cofpbb  Bivrnt  DnurA 

Johnton  Glacxtr.  Johnson  Glacier  '  (Fl.  XCIII),  south  of  McPherson  Glacier,  is  fed 
bj  four  long  naftofw  tributaries^  the  main  ioe  stream  having  a  length  of  5\  miles,  and 
*  width  of  abont  half  a  mile  near  the  tenninns  vdiich  is  less  tibum  000  feet  above  sea 
levcL   It  is  over  8  miles  from  the  end  of  the  main  glacier  to  the.  head  of  the  longest  of 

tlie  tributaries.  All  these  tributaries  rise  in  snowfields  4000  to  5000  feet  above  sea 
level,  the  longest  one  on  the  north  heading  on  a  divide  which  also  sends  a  tributary 
northward  to  Miles  Glacier.  Each  of  the  tributaries  cascades  steeply  down  the  moun- 
tain slopes. 

>  Namedml9I0forJ.Ii.l<cnittaooclS«atlle«lwiAMfeanfl«pjnmj 
tbe  winter  of  1906. 

•  Neaed  ia  mo  kr  Albert  a  MiaMQ,  oae  of  tlM  blUr  oeiiBM  «f  ^ 
RaOwajr*  iHbo  SMdi  XBUUf  intnonemfaJ  obwtniUoM  opoa  tiw  ^ednt  end  ^hwid  stntau  betwwa  IMS  aad 

1010. 
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Tliis  glacier  was  mapped  by  Witherspoon  in  1800*'  and  is  shown  with  (fiffeieiit  fonn  in 
the  revised  map  publbhed  in  1909.*  It  has  been  seen  by  the  National  Geographic  Soci- 
ety's expedition  only  from  a  distance,  and  its  chief  importance  in  our  studies  comes  in 
connection  with  its  contribution  of  outwash  to  the  large  valley  trains  of  the  Ck^per  and 
Martin  liivers. 

Martm  Bker  CRaeitr.  Bfavtm  River  GlMurteniuiMtesaboat  90 
River,  and  ia  separated  from  the  aea  by  the  foothill  regioii  oi  the  Controller  Bay  coal 

fidd.  It  is  3  to  5  miles  wide,  over  25  miles  hmg,  and  terminates  less  than  350  feet  above 
sea  level.  It  is  larger  than  Miles  Glacier,  much  larger  than  Sheridan  Glacier,  and  is  the 
most  extensive  valley  glacier  in  the  Copper  River  portion  of  the  Chugach  Mountains.* 
The  covering  of  ablation  moraine  on  the  terminus  renders  the  glacier  relatively  incon- 
spicuous from  the  Copper  River  railway,  and  it  would  not  be  noted  here  were  it  not  for 
thecxteoMveooihradigTaTdplainbiiihup  by  its  ^adal  al^^  Hieae  «oaleaoe  vitt 
the  Copper  River  delta  oo  the  west,  so  that  Copper  River  has  been  poshed  to  the  ex- 
treme western  edge  of  its  vaU^. 

GLAOLknON  NXAB  COPFBR  RiVKB  DlLTA 

The  varied  and  interesting  features  produced  by  glacial  erosion  and  glacial  depoalion 
near  the  ke  tongoes  described  in  this  chapter  are  so  involved  with  the  other  f^fl**Tf  to  be 
descrihed  and  with  general  conditions  of  gladation  of  the  Cofiper  River  vilkya  tItailiMir 
treatment  is  postponed  to  Chapter  XXTIT. 

*  Plate  n,  Hoiiae  Document  54fl.  5€th  Congress,  2im1  Season,  The  Geology  and  Mineral  Resources  of  a 
Portkm  of  the  Copper  River  District,  Alaska,  by  F.  C.  Sdurader  and  A.  C.  Spencer,  Washington.  1901.  See 
another  arrangement  of  glaciers  here,  in  the  map  published  as  Fl.  XII,  Bull.  281,  U.  S.  G«ol.  Survcgr,  1906. 

*P1.  I.  Bull.  374,  U.  S.  Geol.  Survqr.  1909;  also  Chitina  Quadrangle. 

•  This  fflacier  has  been  d<-.scrihe<l  hy  G.  C.  Martin.         Bull.  SS5,  U.  S.  Geol.  Sun-py.  190S,  pp.  16, 
66,  64^-65  and  ilatei  I,  II  and  lU.   The  junior  author  of  this  book  visited  portioos  oi  the  glacier  in  1904. 
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CHILDS  GLACIER 

General  Description.  Childs  Glacier  (Map  9),  entemig  Copper  River  valley  from  the 
weft,  just  north  <d  Goodwin  Glacier,  at  the  head  of  the  Copper  River  delta,  ends  in 
theziv«rm»TerticBlicec]iffliom900to800f^  This  ice  diff  is  «U  that  one  sees 
fif  tlie  leader  from  the  idhray  bridge  or  fiom  the  river  bai^  railway 
alatioii.  The  ice  cliff  is  so  impowng  that  it  has  fed  some  viriton  to  believe  that  Childs 
is  larger  than  Miles  Glacier,  which  is  farther  aiwagr,  when  as  «  matter  of  fact  Childs 
Glacier  is  less  than  half  as  large. 

The  ice  tongue  is  about  ten  or  twelve  miles  long,  rising  in  cirques  and  on  snowy  divides 
sk  or  eight  thousand  feet  above  sea  level  (PI.  CXLVII),  and  is  fed  by  at  least  five  tribu- 
taries. lliefridUiof  the  valley  glacier  (Fig.  58)  varies  from  a  Httfe  over  mie  to  a  Utl^ 
less  than  two  miles*  the  naironrest  part  bring  near  the  moitUi  of  the  mountain  vall^. 
East  of  this  constriction  (Ilg.  47)  the  glacier  wcpaiMfe  into  a  small  imperfect  bulb  in  the 
Copper  River  valley,  increasing  in  width  from  a  mile  and  an  eighth  to  over  three  miles 
in  a  distance  of  less  than  two  miles.  The  low,  sloping  nortliern  and  southern  margins 
of  the  glacier  end  on  the  land,  being  faced  on  each  side  by  an  alluvial  fan;  but  in  the 
middfe  the  glacier  tenninates  in  Capper  River,  whose  depth  in  fnat  of  the  fee  dtff  Is 
from  10  to  80  feet,  and  whose  undereutting  action  has  produced  precqMtons  ice  diffs 
for  a  distance  of  over  two  and  a  half  miles. 

The  glacier  surface  is^  in  the  main,  dean  and  white,  excepting  along  the  terminal 
margins,  and  along  the  narrow  lateral  moraines  extending  up  the  glacier  from  these. 
There  are  four  or  five  weak  medial  moraines,  coming  from  the  junction  of  tributaries 
in  the  mountains  and  curving  irregularly  with  the  flow  of  the  ice  in  the  expanded  bulb, 
llieae  medial  moraines  are  not  comqplcuous  features  on  the  teiminal  diff. 

Vtam  its  terminos  to  the  snovfidds,  the  Racier  is  severely  crevassed,  eaeepting  In 
the  northern  and  southern  margins  of  the  boflb  where,  up  to  1909,  the  crevassing  was  so 
slight  that  the  ablation  moraine  completdy  mantled  the  ioe  and  even  supported  a  few 
shrubs  and  annual  j)lants.  From  the  mouth  of  the  mountain  valley  to  the  margin  of 
the  bulb,  the  sloi)e  of  tlie  lower  portion  of  llie  glacier  is  382  feet  to  the  mile,  an  elevation 
of  1500  feet  above  sea  level  being  reached  less  than  three  miles  from  the  river.  Above 
this  the  dope  may  be  steeper,  though  the  glacier  maint,ains  a  moderately  low  grade  as 
iaraaaeen.  There  are,  however,  a  nmnber  ol  rasrading  tributaries. 

If  Childs  Glacier  valley  hangs  in  relation  to  the  main  Copper  River  valley  it  is  com- 
pletely masked  by  the  glacial  deposits.  The  walls  of  the  glacier  valley  (Fig.  57)  rise 
steeply  to  elevations  of  from  three  to  six  thousand  feet  in  a  short  distance,  as  is  well 
shown  north  of  the  terminus,  where  a  spur  on  the  slopes  of  Mt.  O'Neel'  (PI.  CLIII) 

»  A  64(M>  f.»of  peak  namrd  in  1910  for  Mr.  A.  C.  O'Ncel,  chief  bridge  engineer  of  the  Topper  River  aodNorUfe* 
WHiUiu  Kail  way,  who  built  the  steel  bridge  acroaa  the  Copper  River  oear  the  baoe  of  this  mountain. 
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reaches  an  elevation  of  3857  feet,  with  a  slope  which  rises  at  the  rate  of  over  4000  feet 
to  the  mile.  Upon  this  steepened  8loi>e  there  are  several  small,  steeply-cascading  glaciers 
which  are  no  longer  connected  with  the  main  ice  stream. 

Childs  Glacier  terminates  close  to  the  railway,  and  is  seen  annually  by  many  travelers, 
who  view  it  from  the  train  at  Miles  Glacier  station  or  walk  down  the  path  along  the 
river  bank  west  of  the  railway  bridge.  Its  magnitude  may  be  better  appreciated  by 
seeing  how  the  capitol  in  Washington  (PI.  CXLVIU,  B)  would  appear  in  comparison 
with  the  precipitous  cUff  that  rises  above  the  river,  and  how  its  ice  stream  (Fig.  60) 
compares  in  width  with  the  Nisqually  Glacier  on  Mt.  Rainier,  one  of  the  largest  ice 


Fio.  57.   Chiu>6  Glactkb  in  1910. 


tongues  in  the  United  States,  itself  far  larger  than  the  greatest  of  the  ice  masses  seen 
along  the  Canadian  Pacific  Railway  in  the  Selkirks  and  Canadian  Rockies. 

Observations  before  the  Building  of  the  Railway.  It  is  not  known  when  or  by  whom  the 
earliest  observation  of  Childs  Glacier  was  made,  but  as  early  as  1850  the  Russian  geolo- 
gist Grewingk  recorded  •  that  the  Copper  River  crosses  mountains,  "the  ra\'ines  of 
which  are  filled  with  perpetual  ice;  and,  where  the  river  breaks  through,  the  ice  masses 
are  imdercut,  torn  away,  and  precipitated  into  the  river  with  terrific  crashing."  This 
probably  applies  to  Childs  or  Miles  Glacier,  or  both. 

C.  G.  Holt  ascended  Copper  River  in  ISS'i  but  we  have  no  information  regarding  what 
he  saw  of  the  glaciers. 

■  Grewingk,  C,  Bcitxag  zur  Kmntnias  der  Orographuchen  und  Geognostischen  BcschAffcnhett  der  Nord- 
wut-KUste  Amerikafl  mit  den  Anliegenden  Inseln,  Verhaixll.  Rubs.  Kaiserl.  Mineral.  Gesril.  zu  St.  Petersburg 
1848  und  1840.  pp.  S4-5. 
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In  July,  1884,  Abercrombie  ascended  the  Copper  River,  taking  several  photographs 
of  GbiUi  GiMier,  eq>eriendDg  modi  dffionltgr  becMiM  of  tho  iodbeiBs  in  the  imr,  and 
notmg  the  speed  of  the  ciuient,  the  large  bowlders  carried,  and  the  kmd  lapofta  from 

the  disduurge  d  icebergs.  He  estimated  that  the  glacier  delivered  8,160,768,000  pounds 
of  ice  yearly  to  the  river.^  On  his  my  down  the  river,  in  September,  he  lan  the  rapids 
in  front  of  Childs  Glacier. 

On  March  31st  and  April  1st,  1885,  AUen  m  &s  passing  Childs  Glacier,  where  he  noted 
that  the  river  was  confined  to  one  channel  about  li5  yards  wide,  east  of  which  was  a 
dqpoat  "oonsSderablj  elevated  above  the  river  bed,  and  ofwywiwn  with  small  tfanber, 
iHoohirassolItt^astobeagraatinipedinienttoUiemoveni^  Healso 
mentions  "the  condition  of  the  ice  in  frant  of  this  (deposit)  fotfaidding  an  attempt  (to 
travel)  along  the  river."  Allen's  report  is  illiistratefl  by  several  woodcuts  of  Childs 
Glacier  from  photographs  taken  by  Abercrombie  the  year  before,*  which  show  that  the 
glacier  expanded  in  a  clean  bulb  of  white  ice  in  1884,  much  as  in  1900,  having  a  terminal 
slope  of  about  the  same  steepness. 

In  Angnst,  1881,  &yos  and  ScJiwatka  descondod  Copper  Biver,  and  Hayos  made  a 
sicetdi  map  showing  the  Childs  and  other  glaciers  and  "passed  the  Childs  CUader,  ran- 
ning  within  a  stone's  throw  of  the  kfly  wall  of  ioe,**  *  wiuch  snggests  hA  id  gceaft  ao» 
tivity  of  the  ice  front  at  that  time. 

In  October,  1898,  Abercrombie  descended  Copper  River,  observing  great  changes  in 
the  faces  of  both  Childs  and  Miles  Glaciers  since  his  visit  in  1884.  Childs  Glacier  then 
no  longer  ended  in  the  river,  having  "a  beadi  some  £00  or  600  yards  in  breadth  be- 
tween it  and  the  water,  bat  adding  a  snooession  of  voiy  boistsnms  npids,"  ^indnding 
*'800  or  800  yaids  of  voy  nasty,  n^id  water,**  below  which  "thedmris  dtfleoled  to  the 
left  (west)  by  a  mass  of  terminal  moraine. "  Corporal  Koehler,  who  accompanied  Abei^ 
crombie  on  this  journey  past  Childs  Glacier,  stated  that  "this  glacier  is  dry,  because  it 
does  not  throw  any  ice.  There  are  some  pretty  Ixij^h  swells  along  this  glacier,  and  as  the 
current  ran  about  8  miles  an  hour,  the  boat  was  sucked  with  the  speed  of  an  arrow. " 

Guide  Rafferty  f  uzniahes  evidence  either  that  Childs  Glacier  had  retreated  westward 
dnrmg  tilie  summer  of  1888,  or,  wiiat  is  more  likely,  that  Abercrombie  went  down  ^nt 
river  at  a  stage  of  vciy  low  water,  for  he  stated  that  in  early  Jvify  of  the  same  year  "  the 
next  danger  was  from  the  swell  oansed  by  the  ice  breaking  off  from  the  Childs  Glacier, 
which  sometimes  created  such  waves  as  to  land  a  loaded  boat  \50  feet  high  and  dry  on 
the  shore.  The  current  swings  directly  toward  the  glacier  on  making  the  turn,  and  it 
required  ail  the  strength  at  hand  to  keep  from  being  carried  with  it.  The  river  was 
filled  wxfli  floating  ice,  some  pietses  being  almost  the  slasb  of  a  firei^t  car. " 

>  Aberaombk,  W.  R.,  SajpplenwnUry  Kxpaditkm  into  the  Copper  Biver  Valley,  Alaska.  1884^  Nanmtive*  of 
Ejqdoimtiona  in  Aladca.  Senate  Rept.  IO£S,  Mth  Congreaa,  1st  So^on,  Washington,  1900.  pp.  S88-S80. 

•  AUen.  H.  T..  Expedition  to  the  Copper.  Tanana  and  Kojoikuk  Bhvn,  Waddogkn,  I88T,  p,  4i,  FIgi.t 
and  4  and  Map  2;  also  in  Namttivea  of  Explorations  in  Alaska,  Washington,  1900,  pp.  444-5. 

» Hayes,  C.  W.,  Expedition  Through  the  Yukon  Diatrict.  Nat.  Geog.  Mag..  Vol.  IV,  1802,  p.  120. 

«  Ab«mBU«,  W.     Sipotlicf  RqdontioMtetheTwrilixj 
No.  XXV,  Washington.  1800;  pp.  UC,  flM. 

Koehler.  R.  A..  Same.  p.  4S1. 

Rafferty.  J.  3.,  Sum,  p.  4M. 

Thmt  acoounta  fcy  Ml  1  ■.•Abgctwl»i»  JMbkt,  aad  Biibrty  aie  ako  hi  tihs  Nanalif  of  KSploistkee 
Ja  AlMki,  WMUivliia,  1100. 
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H.  L.  Wibon,  Jr^  who  mm  paMing  Cliikb  Glacier  in  tiie  tipaag  of  1806»  cmi6bouAm 
liietMtiinoiiyal  the  guide  Baffertytliattlie  glacis  BBsdeeoqi- 

tion  is  as  follows: 

"On  June  H  we  were  just  below  the  Childs  Ctlacier.  on  the  right  bank  of  the  river. 
At  4 :30  a.  m.  we  commenced  to  line  our  boats  past  tlie  glacier.  Here  the  river  is  composed 
of  one  stream  and,  in  places,  runs  very  swift.  It  is  about  one-fourth  of  a  mile  wide.  The 
glacier  at  this  time  of  the  year  is  along  the  water's  edge.  It  is  about  a  mile  and  a  half 
loiig  and  150  feet  ItiesiqipoaedtobeBMfviivlorwaid.  Hie  opponteMle  or  basic 
It  a  long  wky  beadi.  When  tlie  i^aeier  *'diuqM*'  it  thnnva  a  iwdl  vaiying  in  Me  to 
the  amoaiit  of  ioe  that  falls.  We  sent  our  fint  two  boats  up  on  the  nx  ky  l>eadi,  and 
another  was  swamped  at  the  water's  edge.  ...  It  took  a  swell  about  tliree  minutes 
to  reach  us  after  the  ice  had  f alien,  the  second  or  third  swell  being  the  larger  and  stronger. 


CiBtaur  interval  100  fM  (After  D.  C.  ^nOMnpoo^  U.  8.  CtooL  8i^^ 

On  the  third  trip  one  of  our  boats  was  thrown  so  high  and  dry  that  the  men  on  the  lines, 
nine  in  number,  were  in  water  over  their  heads  and  were  obliged  to  cling  to  the  large 
iMmiders  to  Iceep  from  bemg  wadied  Into  tlie  stieam  widi  tlie  leo 

In  October,  1900,  two  Geological  Survey  parties  went  down  the  Copper  River  past 
Childs  Glader,  and  Witherspoon  made  a  very  good  topographic  map  of  it.'  His  map 
(Fig.  58),  as  well  as  photographs  taken  by  A.  C.  Spencer  at  about  the  same  time,  show 
Childs  Glacier  surface  and  profile,  and  also  its  front  in  Copper  River  essentially  as  in  1909. 

Since  1900  many  photographs  of  Childs  Glacier  have  been  taken  by  surveyors,  geolo- 
gists, prospectors,  tourists,  and  others,  in  connection  with  trips  up  and  down  Capper 
Biver.  Among  tiieoe  may  be  mentioiied  llie  pbologr^plui  fay 

1005,  the  winter  pbotognvht  of  Childa  Glader  diff  fay  X  L.  McPhenion  in  Jaonaiy,  1900^ 

•  Wnne.  H.  L.,  J^^  Copper  SIvw  Exploring  EipeAlSoa,  IflM,  WarfdDgtoo^ 

•  Geology  and  Mineral  Resources  of  a  Portioo  of  the  Copper  River  District,  House  Doc.  546.  MA  Congress, 
end  Session,  Wa^hin^on,  1900,  Plftoll;  mnp  npuUiohod  u  PL  I,  BulL  874^  U.  S.  GeoL  Surfif^  IIML  ami 
M  Chitina  Quadrangle. 
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photographs  by  P.  H.  ICoffit  in  1906,  the  pkolognfha  ci  kse  faOs  and  advancing  waves 
tirBiT  ftmifh  and  Vfrtd  fttiwin  fn  IttfTft,  md  thr  phntnpnphn  hj  TTrflg.  ■  prnffiBiwiiiiri 
pliologri|i]ier  at  Cordova.  Beach 'has  imtten  a  vivid  d«Knplion  of  tl»|^iN^ 

Obsertations  by  the  Railway  Engmtm,  Between  1906  and  1010  the  Copper  River 
and  Northwestern  Railway  was  being  surveyed  and  built,  and  Mr.  E.  C.  Hawkins,  the 
chief  engineer,  furnished  us  with  a  valuable  l)otly  of  precise  data  in  the  form  of  maps, 
photographs,  and  personal  observations  by  himself  and  his  assistants.'  This  informa- 
tioiiieqMciaQy  VMfiil  (s)  becraee  one  ef  Uie  early  proposed  railway  routes  crossed  the 
Co|i|Mr  Biver  A  the  sontlieni  end  of  the  Ghilds  Glader  diff;  (b)  bocaiue  the  engniecn 
nmined  a  long  time  at  the  bridge  less  than  half  a  mile  east  of  the  northern  tenniniifl* 
where  the  bridge  engineer  Mr.  O'Neel  kept  preeiae  lOOOrds  of  river  conditions  and  meteoro- 
logical changes  from  1907  to  1910,  !)esi(k's  taking  many  photographs;  and  (c)  because  Mr. 
A.  0.  Johnson,  one  of  the  assistant  engineers,  took  an  especial  interest  in  tlie  l>ehavior 
of  the  glaciers,  and  saw  to  it  that  precise  maps  were  made  during  the  unusually  important 
period  in  the  sunniflr  of  1910.  To  MeHn.  HmvlEins,  O'Neel*  and  Johnson,  and  many 
oChen,  we  are  under  spedal  obligations  for  tuniing  over  to  us  freeiyth^ 
tions  between  1906  and  1910. 

Observations  by  the  National  Geographic  Society's  Expeditions.  Our  own  observations 
of  Childs  Glacier  were  made  in  August,  1909,'  in  August  and  early  September,  1910,* 
and  in  June,  1911.*  In  1909  we  only  saw  the  glacier  in  pas-sing  on  the  railway,  but  in 
1910  the  junior  author  spent  about  two  weeks  in  the  vicinity  of  Childs  Glacier,  making 
CKcfid  studies  of  genenl  oonditions  of  ^aciation  and  of  special  phenouMoa  at  the  time 
of  an  unusual  advance,  liany  photographs  were  taken,  mod  Mr.  Lends  made  the  topo- 
graphic map  reproduced  as  Map  9  (in  podcet).  In  Jnne^  1911,  four  diqrs  wen  spent 
at  Childs  Glacier  by  the  junior  author. 

Normal  Condition  from  1884^  to  1905.  From  1884  to  190C  Childs  Glacier  is  believed 
to  have  terminated  in  Copper  River  with  a  convex  front,  the  amount  of  ice  brought 
forward  from  tlie  suowfield  being  about  balanced  at  the  terminus  by  ablation  and 
Iqr  the  diecheige  of  ieebeigB  that  were  canied  away  by  the  river.  This  belief  la  sup- 
ported by  such  photosiaphe,  mspe,  and  obeervations  as  are  available.  Allen's  descrip- 
tion of  the  gkder  in  the  winter  of  1885»  with  the  river  about  875  feet  wide  and  the  ice 
so  rough  that  it  was  impassible  to  travel  upon  it,  suggests  a  normal  winter  condition  when 
lack  of  melting  and  of  iceberg  discliarge  result  in  advance  of  the  ice  cliff,  narrowing  the 
channel  to  much  less  than  the  usual  summer  width  and  breaking      the  river  ice  in 

•Beach,  Rex,  Everybody'*  MlfMine,  Vol.  XIX.  1008,  pp.  778-9.  784.  785-6.  789;  Tlio  Iron  Trafl,  New 
York,  1813,  pp.  S07-«06:  Underwood,  J.  J.,  AlMka.  New  York,  181S.  pp.  45-49.  58-59;  EUia.  Carlyle. 
OMrioMl  MMltUy,  ▼«!.  LVm.  1911.  pp.  457-466,  TaHlwinri  Wodd  Magazine,  Vol.  XVn.  191S.  pp.  S-18: 
Oshwr.  H.  L.  A..  Deseret  Evenbg  News.  Salt  Uks  CHgr.  Utah,  Dee.  11^  Wil  QlhMtwtad  bgr  wpwdaeliBM 
•f  oil  painting!!  of  Childs  and  Miles  Glaciers). 

'  Before  hla  deatii  we  had  the  favor  u(  having  Mr.  iiawkios  read  and  criticise  the  maniucript  of  this  chapter. 

•Tnr,  R.  8.  smiMu^hnmueei  Nat.  Geof.  ICag..  Vol.  ZXI,  leiOi  pp.  18^  87. 

<  Mnrtin,  I.awrrnre.  N«t  Geog.  Mag.,  Vol.  XXIT.  1911.  pp.  541-548:  Mastering  the  AhdoUlGlacter  Barriers, 
Scientific  Amfriran  SqppI— Mat,  Vol.  LXXI.  1911.  pp.  S05-S07;  Gletacberuntenuchuaigca  llagi  der  KUste  von 
iimkm,  IVtiniMim  G«og.  IfittcOungen.  Jahrgang  191i.  Angoitheft  pp.  7941,  Tkfdn  9.  10;  Two  Gladen 
IB  Alaska.  Bdl.  GooL  Soc  Amer..  Vol.  22,  1910.  p.  731. 

•  Martin.  I^wrence,  in  II.  F.  Reid's  Variations  of  Glaciers  for  1911,  Jour.  Geo].,  Vol.  XXI.  191^  p.  4Mf 
Alaakan  Glacien  in  Bdstaon  to  Life,  Bull.  Amer.  Geog.  Soc.,  Vol.  XLV.  1918,  pp.  803,  807-809. 
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froat  ci  the  ^adcr.  W&mapooa'B  map  niMfo  in  1900  (Fig.  58)  dioira  a  nomial  eon- 

irtx  glacier  terminus. 

Slight  Advance  in  1906  and  1906.  A  slight  interruption  of  the  balanced  condition  of 
the  previous  years  took  place  in  1905  and  1906,  for,  (a)  Webster  Brown's  photograph 
taken  in  August,  1905,  shows  a  little  crevassing  of  the  hitherto  stagnant  moraine- 
covered  northern  margin;  (b)  Hegg's  photograph  ol  July  20, 1906,  shows  jagged  pinnadtt 
of  cievMiedbU^ioe  in  thib  northern  poflia^  at  •  time  iHuhi  die  middk  of  the  gbeier 
was  fronted,  at  least  in  part,  by  a  gravel  bar;  and  (e)  Hiese  pliotqgnplis  end  liie  eariiBst 
maps  by  the  railway  engineers  (Fig.  59)  show  the  northern  maigin  pnjeeting  eaatavaid 
a  short  distance  beyond  the  middle  of  the  front,  giving  the  terminus  a  concave  shape, 
contrasting  decidedly  with  the  convex  terminus  as  mapped  by  Hayes  in  1801  and  Wither- 
spoon  in  1900. 

niat  the  1005  and  1906  forward  movement  was  sli^t  is  indicated  by  the  maintfinanee 
of  a  f^  unifonn  avenge  xivar  width  from  1900  to  1908,  allhoiigh  it  is  poosibie  that 
the  widUiveniainedocaialwitiriiile  the  ^adwgradoalljr  forced  the  Snn 
if  tliis  was  the  case,  maps  prove  that  the  diiplacwwint  was  veiy  sB^t,  and  of  quite  a 

different  order  from  the  1910  advance. 

Normal  Condition  from  1906  to  1909.  From  1906  to  1909  the  glacier  seems  to  have 
resumed  the  balanced  condition  during  which  the  steady  supply  of  ice  brought  forward 
to  the  river  was  ^nv'aiimately  equal  to  that  taken  away  by  melting  and  as  icd>erg5, 
iolliat*  iriiile  forward  motioQ  took  place  all  tibe  time  in  the  i^bcier,  its  terminus  nei&er 
advanced  nor  retreated  appreciably* 

Tkt  photographs  by  Webster  Brown,  in  August,  1905,  and  by  J.  L.  McPherson,  in 
Januaiy,  1906,  show  that  the  middle  of  the  front  of  Childs  Glacier  formed  a  nearly  straight 
north-south  line,  while  the  northern  margin  projected  eastward  very  slightly  beyond 
the  middle,  which  was  being  cut  back  to  a  fairly  unifonn  position  by  the  river.  This 
condition  was  maintained  op  to  1909.  Someiimes  the  Racier  and  sometinies  a  gravel  bar 
Cn.CIk  A)  foruMdllw  western  bank  of  llw  liver,  llm  condition  Taqringwitbtlm  tmm 
of  year  (as  in  1896),  due  we  beBeve^  to  tiie  variations  in  river  levd  and  the  positioBof 
its  diannel  rather  tlian  to  advance  and  retreat  cl  the  ice  front  Hius  a  railway  survey 
made  early  in  the  summer  of  1905  indicates  no  gravel  bar  in  front  of  the  glacier,  but 
Webster  Brown's  photograph  shows  tliat  a  narrow  gravel  bar  was  exposed  in  front  of 
parts  of  the  southern  half  of  the  ice  front  on  August  16,  1905;  and  in  October,  1905,  one 
of  the  railway  engineers,  Ifr.  Murdiisaa,  sacwtiie  whole  faoeolCSdldBCSaeier  separated 
from  the  liver  by  a  gravel  bar  40  or  50  feet  wide.  A  map  by  liie  nuhraj  engineers  naade 
August  24, 1907,  shows  a  bar  d  coarse  gravel  and  bowldem  along  the  -whxAt  front  of  the 
glacier,  with  a  width  of  100  to  SOO  feet  and  with  shallow  water  near  the  western  bank. 
The  main  channel  was  then  near  the  eastern  bank  of  the  river.  The  horizontal  variation 
in  position  of  the  water  margin  on  the  eastern  bank  was  100  to  150  feet  with  the  24  foot 
seasonal  rise  and  fall  of  the  river  level. 

Betmning  of  Adoane$  in  1909,  Hie  width  of  the  river  in  front  of  GhiUs  QHmeSm 
remained  fsii^  constant  from  1900  to  1008,  showing  variations  in  1909,  as  indicnted 
below. 

After  applying  a  correction  for  the  seasonal  rise  and  fall  of  the  river,  the  decreaM*  in 
width  of  the  river  from  1908  to  1909  shows  an  advance  of  the  glacier  of  from  800  to  600 
feet  sometime  during  the  summer  of  1909,  as  indicated  in  the  following  table: 
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YiMuaxom  xx  Width  ow  Coma,  BnvB  nr  Fbomt  or  CmuNi  Glaoibb  ibom  1900 

TO  1909 


Date 

Width  of  Hirer 

Based  on  Maps  by 

October  9,  1900 

About  1600  feet 

D.  C.  Witherspooa 

Novtmber*  1905 

1100-1050  " 

Railway  Survey 

8aininer»  1906 

About  1600  " 

TJ*  S*  (SmL  Survey 

August  M,  1907 

1275-1750  " 

Hailwiy  Snrvigr 

Summer,  1908 

1000-1800  " 

«  «( 

Spring,  1909 

646-1125  *• 

<«  «c 

July,  1009 

775-1800 

M  M 

During  this  period  of  advance,  in  1909,  the  ice  motion  was  about  four  feet  or  more  per 
day  near  the  moraine-covered  northern  margin  of  Childs  Glacier.  Nearer  the  glacier 
margin,  just  north  of  tho  point  U  obaenration  (a,  Fig.  57)  the  tenniniu  of  tho  ^ackr 
had  no  appreciable  motion;  at  leaat  the  edge  did  not  move  fonroidt  for  small  ihnibs  still 

grew  upon  it,  as  they  had  done  from  1900  to  1909. 

The  determination  of  the  rate  of  motion  in  1909,  recorded  above,  is  the  work  of  A,  O. 
Johnson,  one  of  the  railway  engineers,  who  made  instrumental  observations  for  two 
weeks,  which  he  has  kindly  given  us  permission  to  pubHsh.'  He  used  a  baseline  2983.7 
feet  long  and  made  transit  readings  upon  a  piece  of  gas  pipe  5  feet  long  driven  into  the 
iee»vnthaflagontopof  it.  lliese  1909  observations  diow  the  following  movonent: 

Rate  or  Movement  in  Childs  Glacier  in  July,  1909 


July  15,  8  a.m.  to  July  16,  3  p.m. 
"  16,  8  p.m.**  *•  18.  7  a.m. 
*  18,  Tajn."  **  »,  lp.ni. 
**  SO,  1p.m.  "    "  tS,  It  noon 

"  23,  12  noon "  "  25,  8  a.m. 
"        8a.m.  **        80.  8a.m. 


The  average  of  two  weeks'  observ^ations  is,  therefore,  a  little  less  than  2  inches  an  hour, 
or  45^  inches  a  day.  Mr.  Johnson  says  that  the  rate  of  movement  at  this  point  was  slower 
than  that  in  the  middle  of  the  glacier,  and  we  assume  that  in  mid-glacier  it  may  have 
been  as  much  as  6feet  a  day. 

The  rate  of  melting  of  the  suifaoe  of  Childs  CHacier  during  the  summer  of  1909,  maj 
be  eonqnited  hem  the  fact  that  the  gas  pipe  holding  Mr.  Johnson's  flaf^  and  whidi  was 
drilled  into  a  flat  suifaee  to  a  depth  of  3  feet,  had  to  be  reset  every  5  days  from  July  15 
to  30,  because  the  surrounding  ice  melted  to  the  bottom  of  the  drilled  hole.  This 
would  give  a  minimum  rate  of  melting  of  a  little  over  7  inches  per  day. 

"Ml.  Johnson  estimated  that  the  amount  and  rate  of  discharge  of  icebergs  in  1900 
was  about  twice  as  great  as  in  1906,  and  he  states  that  the  icdbezg  waves  began  to  cut  far 

>  Fersuaai  commuiucattoD,  Feb.  IS,  1910. 


1|  inches  per  hour. 
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moire  actively  into  the  river  bank  than  they  had  done  in  pre\nous  years.  A  nver  bank 
about  25  feet  high  was  cut  back  for  20  feet  in  one  place,  thou^  elsewhere  the  average 
retreat  of  the  gravel  bluff  was  not  more  than  3J  to  5  feet  during  the  summer.  When 
the  ice  front  of  the  advancing  glacier  was  sufliciently  uiukTcut  by  the  river  the  ice  slid 
down  into  the  water  with  a  splash,  forming  a  wave  which  rushed  with  ^rcat  force  across 
the  river  and  iqi  on  die  opposite  bank.  I&1908one«iidiwavedeporitedaboiiddcr«ci|^ 
fog  oppraadmately  £00  pounds  in  the  f orkB  of  a  tree  80  feet  back  firom  the  edge  of  the 
bank.  Owing  to  the  decteased  width  of  the  river  in  1909,  however,  the  waves  dashed 
back  over  the  bank  for  a  much  greater  distance  than  in  1908,  tearing  away  earth,  bowldsn^ 
and  trees,  and  breaking  or  knocking  the  bark  from  Ihh's  60  feet  from  the  river. 

That  the  1909  rate  of  motion  was  slow  compared  with  tliat  a  year  later  is  indicated 
by  the  fact  that  the  engineers  were  able  to  go  out  on  the  glacier  eveiy  few  days  in  July 
to  reset  the  fla^i  for  wiffawaring  the  rate  of  motimi,  while  in  1910  this  portion  of  the  fee 
was  so  severely  crevassed  that  this  could  not  be  done.  From  these  facts  Mr.  Johnson 
eonduded  that  the  glacier  was  pushing  forward  and  forcing  the  river  eastward  in  the 
summer  of  1909;  and  this  conunenosment  ol  advance  was  announced  by  us  after  our 
visit  to  Childs  Glacier  in  1909.' 

Sjia.'^rnodic  Advance  in  1910.  The  rate  of  motion  in  Childs  Glacier  increased  during 
the  winter  of  1909-1910  so  that  part  of  the  margin,  hitherto  stagnant,  attained  a  forward 
movement  of  from  two  to  ei^t  feet  a  day,  while  in  mid-^ader  the  rate  of  movement 
increased  at  least  five  or  shi  times.* 

The  ice  which  covers  Copper  River  in  winter  serves  as  a  delicate  index  of  the  rate 
of  motion  of  Childs  Glacier  during  that  season.  The  railway  engineers  testify  that  in 
winter  the  river  ice  has  always  been  broken  more  or  less  by  advance  of  the  glacier,  and 
the  description  by  Allen  in  18ii5  and  a  photograph  by  McPherson  in  January,  1906, 
shows  that  there  was  slight  breakage  of  the  river  ice  at  these  times.  During  the  winter 
and  early  q;>ring  of  1000->10,  the  Racier  moved  forward  rapidly  enooi^  to  bodde  iqp  the 
fee  of  the  frozen  river  much  more  than  usual,  iriiidi  is  interpreted  as  proof  that  the  ad- 
vance of  Childs  Glacier  continued  throughout  that 

By  June  10,  1910,  the  ice  front  in  various  portions  near  mid-glacier  had  moved  for- 
ward from  275  to  650  feet  since  the  preceding  autumn;  but  the  total  advance,  including 
that  of  1009,  was  about  1200  feet.  Between  the  measurements  of  July,  1909,  and  June 
8, 1910,  the  river  had  been  narrowed  down  to  a  width  of  from  500  to  860  feet,  and,  if  by 
this  coostiiction  the  eastern  river  bank  had  been  cut  bade,  the  amount  of  advance  ataft^ 
above  is  to  be  considered  n  minimum  to  whidi  it  may  be  necessaiy  to  add  from  40  to  60 
feet  As  a  result  of  the  CQOstiiction  resulting  from  this  advance  the  water  rose  SI  feet 
in  a  few  days. 

People  locally  speak  of  the  discharge  from  the  front  of  Childs  Glacier  as  "sloughing." 
A  "slough"  has  always  raised  waves  in  Copper  River  (PI.  CXLIX),  making  it  dangerous 
for  a  boat  to  shoot  tiie  rsfiids  in  front  of  tiie  e^adn,  or  to  line  «  boat  iq>  the  oppoeitie 
bank;  but  in  the  spring  of  1910  the  dangerous  conditions  were  accentuated  by  tbe  «1> 
vanoe  of  the  ^ader  and  Ihe  pushing  of  the  river  eastward.  In  that  year  ^  vravos 

*  Martin,  Lawrence,  in  H.  F.  Reid's  Variations  of  Gladera  for  1909,  Jonrn.  G«>1.,  Vol.  XIX,  1911.  p.  88; 
Zeitschrift  fttr  Gletadherkunde.  Band  V.  191 1,  pp.  200-401. 

•  Martin.  Lawrence,  Nat.  Goor.  Mag.,  Vol.  XXII,  1911,  pp.  541-548;  in  H.  F.  Rt  id'.s  V.i nations  of  Gl«ci«-r9 
for  1910,  Journ.  Geog.,  Vol.  XIX,  1911,  pp.  458-459;  Zcitjchiif  t  fUr  GletJcherkunde,  Band  VL  1911,  pp.  1O2-103. 
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wuhed  up  over  »  banlc  4  to  t5  feet  in  height  and  rushed  back  100  to  800  feet  into  the 
alder  thidkrt,  vhidi  ia  math  farther  than  the  waves  reached  in  1000.  Modi  gxaTel  and 
mad,  aloaee  a  foot  or  tipo  in  diameter,  and  ice  bloeki  (Fl.  CL,  B)  up  to  ten  tone  in 
wd^t  were  Unonm  in  among  the  trees.  Alders,  9  to  11  inches  in  diameter,  were 

stripped  of  leaves  and  bark,  and  bent  backward  or  broken  off  short,  or  wprooted,  or 
buried  beneath  the  pravel  and  bowlders.  The  river  bank,  which  at  some  points  of 
measurement  was  cut  back  from  ^  to  5  feet  in  1909,  was  fairly  eaten  up  by  the  iceberg 
waves  which  crossed  the  liw  in  1010,  as  is  proved  by  measurements  at  the  same  points 
along  the  bank  of  the  stream  facing  the  glacier,  irhne  tibe  leoeaiion  o£  the  river  bank 
was  from  40  to  80  feet 

The  amoont  of  retreat  of  the  river  bank  is  shown  in  the  following  tables,  the  1000 
measurements  having  been  made  by  the  railway  engineers,  while  those  of  1910  were  made 
by  our  topographer  from  points  on  the  same  pair  of  short  baselines  which  Mr.  Johnson 
established  the  year  before.  The  material  of  the  river  bank  is  very  coarse,  unconsoli- 
dated, glacial  gravel  and  bowlders.  The  points  of  observation  are  on  the  eastern  bank 
«f  Copper  lUvcr,  neatly  ciipoeite  the  middle  of  ChiMs  Ghwier. 


MmASUBmiSNTS  ibom  Babelskeb  to  Bank  or  Cofpeb  Eivsb  in  1909  and  1910 


FUte  tf  Mmummmd 

Jvlif  19, 1909 

Aug,  1, 1909 

Od.  m,  1909 

Aug.  18,  mo 

Pt  A  to  river  bank 

44  feet 

41  feet 

In  river 

Pt.  B    "  " 

68  " 

.58  " 

In  river 

Pt.  E    "  " 

07  " 

60  " 

65Heet 

16  feet 

Pt.F         «  « 

M  - 

49  " 

4^1  " 

-15  feet 

Pt.  E  is  the  only  one  of  the  points  of  measurements  that  was  left  in  1910,  the  river  bank 
having  receded  beyond  the  sites  of  the  other  three,  though  in  the  case  of  Pt.  F  the  posi- 
tion was  determined  exactly  by  meaaucmenft  of  «fiieelioa  and  distaBeefr^  Hwm 
meaiorements  di0w  that  tiie  increase  in  ioebeig  diacfaaige  in  tho  river,  wh^  was  nar- 
rowed fay  the  advance  of  the  glacier,  resulted  in  retreat  of  the  river  bank  aa  follows: 


Amounts  of  K£C£8sion  of  liiv£B  Bank  Thbougb  Cutting  by  IcjSBiiiBG  Waves  in 


1000  AND  1010 


Z^oyt  Bthptm  ObtmaHoni 

IH.A 

PLB 

PLB 

PLF 

Jidy  19  to  Aug.  1,  1909,  13  days 

3  feet 

6  feet 

1  foot 

5  feet 

Aug.  1  to  Oct.  23,         83  di^s 

ifoot 

Sift 

Oct.  £3  to  ,»  1909, 

 *  to  Aug.  18, 1010  — days 

Over  41  ft 

Over  58  ft 

49ift 

60^  ft 

In  addition  to  Ibe  retreat  al  thne  poinii  there  waa  in  1010  a  general  retieat  of  the 
whole  Bver  bank  facing  the  glacier,  shown  partseuhmljr  wdl  by  the  ondercutting  and 

*ObIw  betircn  wkk^  tbe  nm  «m  ckaed  by  ice,  m  tkat  ware  iraric  oeuadL  thoog^  there  nay  havshisa 
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destruction  of  a  well-beaten  path,  which  formerly  followed  the  edge  of  the  river  bank  for 
flomedistance.  Shnibs  formerly  inaide  this  path  w«e  evgy  whm  fiJling  over  th»  edge  of 
llie  imdeiait  river  bonk  in  1010. 
About  tlie  middle  of  August,  wbca  the  waves  were  not  as  powerfiil  as  tluy  kad  been 


Flo.  69.  CaoM  GuvacB  in  1909  amd  1910. 
NoteflMtoogmaf  lo«on«Ii«n«rl]i  edge,  threatening  tibe  nflraarf  Wdge,  in  1910. 


earlier  in  the  summer,  the  largest  ice  fall,  or  "slough,"  which  we  saw  sent  a  wave  across 
the  river  with  lightning  rapidity,  causing  the  water  to  wash  up  over  the  15  to  iO  foot  bank 
near  where  we  stood  and  to  extend  back  a  short  distance  into  the  forest.  The  wave,  of 
eoiine»  rose  bl^iOBt  directly  opposite  tbe  See  foil,  its  beaglit  on  tbe  bank  deeveesing  both 
np-  and  down-stream.  Six  or  seven  ring  waves  in  snooesaioa  spiaahed  f ar  op  tiie  liver 
bank,  the  fixet  one  vinbly  nmning  np-stieam,  againit  an  eig)it  or  iune4ml»«n-lKHir  cur- 
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rent  With  this  before  our  eyes  it  was  easy  to  see  how  the  still  larger  waves  during  the 
cariier  part  of  the  tmnmer  wen  aUe  to  cat  tbe  liw  bank  so  tnnfy. 

Tho  fee  dfiff  m  mid-i^Maer  was  about  886  feet  hii^  in  August,  1010,  parte  of  it  haniig 
SNfUlar  projections  wiUi  towers  and  apires  of  ice,  and  all  of  it  being  severely  crevasaed. 
A  comparison  of  photographs  of  1909  and  1910  shows  that  the  terminus  of  the  glacier  was 
considerably  thickened  by  the  advance.  At  the  time  of  our  visit  in  August,  1910,  the 
river  was  so  low  that  some  of  the  ice  falls  lay  where  they  fell,  though  many  wore  immedi- 
ately carried  away  by  the  river.  At  one  point  at  the  base  o£  the  ice  clilf  the  water  was  so 
diaUoir  tihat  large  bowldm  lose  above  its  suifaoe,  and  it  was  evident  tiiat  vndneittting 
was  then  mofili  less  active  than  wben  a  deep  cnnent  swc|yt  tbe  ^ader  fao^ 
effective  enooi^  to  cause  the  ice  firont  to  retreat  while  the  glacier  was  flowing  strongly 
forward.  We  heard  many  more  ice  falls  in  the  evening  and  night  than  during  the  day, 
the  rumbhng  and  roaring  from  the  glacier  increasing  every  night  after  sunset.  Tliis 
may  possibly  be  due  to  greater  contraction  of  tiie  ice  at  night,  resulting  in  breaking  and 
scaling  oif  of  ice  fragments,  so  that  undercutting  by  the  river  resulted  in  great  fails.  The 
same  increase  in  noises  bom  the  Racier  at  m^t  was  also  observed  at  C«rfunibia  Glacier 
in  1010  and  at  Caiilds  GhMser  in  1011. 

The  southern  border  of  the  glacier  was  moderately  crevassed  in  August,  1910,  the 
cracks  having  extended  throughout  the  lateral  tone  of  ablation  moraine  and  to  the 
very  edge  of  the  glacier.  There  was  much  thickening  with  the  advance  (PI.  CLI)  and 
enough  lateral  spreading  to  cover  the  site  of  a  former  marginal  stream,  the  glacier  termi- 
nating close  to  the  edge  of  an  alder-covered  bluff. 

Near  the  norlhetn  maigin  of  the  i^acier  is  an  eaii^-acoessible  portion  of  the  ice  front, 
iHiich  ends  opon  a  nearly-flat  plain  of  tfll  and  gladal  gravels,  overgrown  with  alder 
and  Cottonwood  trees  SO  to  150  years  old  (PI.  CLII).  Here,  as  in  mid-glacter,  the  ice 
advanced  slightly  between  1900  and  1906,  probably  in  1905-6,  but  did  not  move  for- 
ward more  than  a  hundred  feet  or  so  along  this  margin.  It  was  nearly  without  motion 
from  1906  to  1909,  so  tluit  small  shrubs  had  begun  to  grow  upon  the  stagnant  margin 
of  the  glacier  which  projected  eastward  only  shghtly  beyond  the  main  ice  cliff.  This 
part  at  the  glacier  advanced  over  1600  feet  between  1000  and  June  Old,  1010,  and  204 
feet  more  op  to  October  5th  of  that  year,  when  there  was  a  conspionous  eastppiojecting 
lobe  (Fig.  59).  The  following  table  of  distances  from  the  glacier  mai^in  to  the  site 
of  the  northern  end  of  the  railway  bridge  (PL  CXLVUI,  A)  shows  the  advance  of  this 
northern  lobe: 

Adtahob  or  NoBiHiBN  MAsam  aw  Chzldb  GLacmt  Towabo  Bailwat  Bbdos 


DaU 

Didance  from  Northern  Margin 
Glaeitr  to  Bridge 

Nature  of  Change 

Summer,  1906 

8200  feet 

Slight  advance  since  1900 

Aug.    24, 1907 

S200  feet 

No  change  appreciable 

Spring,  1000 

8440  feet 

Slight  retreat 

June    8, 1010 

1775  feet 

Advance  1665  feet 

Ang.  17.1010 

1624  feet 

Advance  151  feet 

Oct.     5,  1910 

1571  feet 

Advance     53  feet 

June  16,  1911 

1474  feet 

Advunci'     n?  feet 
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Doting  fh«  sniniiiar  of  1010  put  ol  thb  nuigbi  wwm  Mcmlely  mapped  eight  HMom, 
seven  of  the  survcgw  being  made  by  the  raihragr  engiiieen,  and  one  by  our  topogrmpher. 
TI10  diangee  aie  shown  in  tlie  aooomiMaying  table  end  in  H.  CUV. 


Bat£8  of  Advance  of  Nobtbsbn  Mabgin  of  Chiuw  Glacisb  in  1910  and  1911 


Dates 

Days 

Advanest  inFsst 

Rats  'per  Day^ 

OreaUsl 
* 

Amage 

June  S  to  July  99»  1010 

50 

184 

110 

£.8 

0.07 

Jl4y  29  to  Aug.  6 

8 

26 

23 

3.25 

2.87 

Aug.    6  to  Aug.  11 

5 

41 

8 

8.2 

1.60 

Aug.  11  to  Aug.  17 

6 

27 

4 

4.5 

.66 

Aug.  17  to  Aug.  29 

12 

42 

19 

9.5 

1.58 

Aug.  20  to  Sq>t.  10 

SI 

87 

«7 

1.7« 

i.ts 

Sept  10  to  Oct    5,  1010 

17 

18 

71 

.7 

.41 

Oct    5  to  June  10, 1011 

«M 

«  •  • 

07 

«  •  «  » 

.88 

This  striking  rate  of  advance^  aveiapng  two  to  eight  feet  a  day,  shows  TanatioM 

in  velocity  wiUi  two  maTima  in  the  syenge  movements.  The  fastest  movements  show 
a  very  rapid  increase  in  late  of  advance  to  the  maadmom  August  11*  and  an  """■"•"y 

rapid  decrease  aeain. 

It  was  u  rare  opportunity  to  witness  the  visible  forward  movement  of  this  margin 
of  Ciiilds  Glacier  into  the  forest,  as  we  did  during  daily  vi^ts  about  the  middle  of  August. 
A  series  of  lobes  devdoped,  though  some  of  them  wen  notperaistent  (PL  CUV),  and 
at  the  ends  of  these  lobes  the  day-to-day  dianges  were  most  pronounced.  EnoraMUs 
ice  blocks  rolled  down  the  frontal  slopes  scnne  of  them  sliding  matiy  feet  into  the  forest. 
Trees  were  overturned.  Turf  and  grass  were  ploughed  up  and  carried  on  the  glacier 
(PI.  CXLV,  B),  wliosc  ire  blocks  acted  as  plouf^hshares,  which  ripped  up  turf  and  .shrubs 
and  carried  them  along  ten  or  fifteen  feet  higher  than  the  level  at  which  they  j?rew  on 
the  plain.  Gravel  and  turf  were  heaped  up  in  a  discontinuous  terminal  moraine. 
Yet  one  saw  and  heard  little  of  a  spectacular  nature  while  traversing  the  ies 
front  It  was  an  irresistible,  steady  movement;  but  slow,  as  the  mills  of  the  gods. 
As  impressive  as  anything  was  to  find  tons  of  ice  resting  where  one  stood  to  take  a  photo- 
graph the  day  before,  or  to  find  some  great  tree  100  years  old  prone  on  the-ground  with 
the  butt  beneath  the  glacier,  where  the  day  l)efore  tlie  tree  was  upright,  with  the  ice 
just  touching  it,  or  with  a  sj)ace  of  from  one  to  three  feet  between  the  glacier  and  the 
tree,  lu  places  ice  blocks,  after  sliding  for\vard,  lay  tilted  at  all  conceivable  angles 
on  top  of  the  push  moraine;  but  this  seemed  to  be  deadly  ovemding;  rather  than  sob* 
marginal  accumulation. 

Near  the  river,  the  ice  was  thickly  covered  with  ablation  moraine  and  had  relatively 
few  crevasses  in  August,  1909;  but  photographs  taken  during  the  winter  of  1909-1910 
and  early  in  the  spring  of  1010.  show  it  .severely  riven  by  cracks.  In  August,  1910, 
practically  all  the  moraine  had  sUd  into  the  crevasses,  though  a  few  small  stones  still 
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lay  iq>on  tlie  ame  tops  (FL  GLV).  TliMe  wm^  at  tlie  tinie  of  oar  viiit,  oontiniiallj 
dkfiDK  down  into  the  cnidn,  for  esH^  in  1910^  Hub  maigin  wss  to  little  bvoken  tliet 
•ome  ol  the  hiidge  engineers  had  no  difficulty  in  walking  over  it;  but  by  August  it 
was  so  crevassed  that  we  found  it  impossible  to  ascend  the  precipitous  glacier  margin 
or  to  walk  more  than  a  few  yards  upon  the  ice.  We,  therefore,  assume  that  nea^y  all 
of  the  crevassing  took  place  during  tlie  spring  and  early  sununcr  of  1910. 

Despite  the  great  forward  movement,  however,  the  lateral  spreading  did  not  result 
b  aevoe  CKvaMing  in  aU  of  the  norUicm  maigin  of  the  gl^^ 

maigin  was  stffl  thickly  coveted  with  abladon  monine  (FL  CUB)  with  crevanes  ex- 
tending into  the  edge  of  it  and  not  affecting  tho  onter  portioii,  when  a  few  amall  aliniba 

still  grew  upon  the  ice  in  August. 

There  were  notable  variations  of  drainage  along  the  northern  margin.  In  1909,  and 
for  some  time  before,  there  was  a  small  marginal  stream  in  front  of  the  glacier,  which 
flowed  southward  to  the  Copper  liiver  at  high  water,  entering  the  river  directly;  but 
at  lofw  water  stages,  the  main  portion  of  tliis  marginal  stream  flowed  eastward,  behind 
a  giavd  bar,  neariy  to  the  railway  bridge  before  entering  the  westward-flowmg  Copper 
Brrer.  On  June  10, 1910,  this  stream  was  at  the  veiy  edge  of  the  glacier,  but  a  little 
earlier  some  of  the  engineers  observed  that  the  glacier  was  75  to  100  fret  west  of  the 
stream.  The  stream  did  not  maintain  a  marginal  position  in  front  of  the  advancing 
glacier,  however,  for  on  July  29  there  wai>  no  stream  visible.  At  the  time  of  our  visits, 
in  August,  a  marginal  lake  had  formed,  covering  part  of  the  northern  alluvial  fan  and 
SKtending  eastward  nearfy  half  a  mUe  into  the  forest,  iHiere  the  water  stood  waist-deq» 
among  the  trees.  This  lake  ended  tOO  or  900  yards  north  of  Copper  Biver  and  had 
an  inviaUe  subglarial  outlet.  Between  September  19  and  October  5  the  oatlet»  then 
vi.sible,  was  extended  over  200  feet  southward,  cutting  hack  tlie  glacier  margin  some 
distance,  and  then  continuing  in  a  subglacial  course  to  the  ("opjjer  River. 

The  rate  of  moveniciiL  in  mid-glaxier  during  the  summer  wiu>  not  determined,  but 
judging  by  the  measured  rate  at  the  northern  margin,  and  by  comparison  with  meas< 
nred  rates  at  intervals  across  leaders  in  other  regions,  it  may  well  have  been  at  least 
six  times  the  1900  rate,  that  is  80  or  40  feet  a  day,  mat  times  even  more.  Buttibenaddle 
of  the  glacier  did  not  advance  as  far  during  the  summer  as  the  northern  margin  did,  and 
during  16  days  in  May,  when  the  river  was  rising,  it  retreated  200  fet^t,  while  between 
June  3  and  August  11  tluTc  was  a  retreat  of  415  feet,  and  between  August  11  and  17 
of  100  feet.  This  retreat  occurred  while  the  northern  margin  was  advancing  most 
strongly  and  it  seemed  to  us  that  it  was  not  due  to  a  cessation  of  forward  motion  but 
lAoQy  to  underctttting  by  the  Copper  Biver,  whidi  rose  riz  feet  between  June  and 
August.  We  aecovdini^y  predicted  in  August  that  the  ioe  front  in  the  river  would 
leadvanoe  during  the  latter  part  of  September  when  the  river  was  lower.  This  predic- 
tion  proved  correct,  for  up  to  October  5  there  was  an  advance  of  S25  feet  in  mid- 
glacier  plus  whate\er  additional  retreat  o<curred  between  August  17  and  tlie  date 
when  the  advance  conuneneed,  the  river  having  fallen  over  nine  feet  in  the  meantime. 
The  rate  of  retreat  from  August  11  to  17  was  at  least  27  feet  a  day. 

ffinoe  the  glacier  advanced  at  least  885  feet  in  the  49  days  between  August  17  and 
October  5  the  rate  of  actual  advance  in  mid<glacier  was  over  0|  feet  a  day.  As  (a) 
iodbergs  were  discharging  all  the  time,  as  (b)  the  advance  was  surely  over  325  feet, 
and  aa  (c)  the  forward  movement  b^an  not  on  August  17  but  probably  after  the 
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middle  of  September,  wbm  the  river  wae  math,  kmer,  tbe  rste  of  advaaoe  undovbtediy 

exceeded  6}  feet  a  day.  H  the  edviiioe  oommeiioed  on  September  19,  when  the  river 
level  lowered,  the  forward  movement  of  more  than  825  feet  in  the  16  days  before  October 
6  was  at  the  rate  of  over  20  feet  a  day.  Taking  the  minimum  of  6§  feet  a  day,  however, 
the  following  computation  may  be  made.  If  tiie  middle  of  the  front  of  the  glacier  moved 
fonsard  at  the  rate  of  at  least  6§  feet  a  day  when  the  northern  margin  was  advancing  less 
tiun  fadi  a  foot  a  day  (September  19  to  October  S,  tee  table,  p.  406)  then  fho  middle 
of  the  ^Uder  may  have  been  moving  over  40  feet  a  day  between  July  29  and  AngHl 
6  when  the  northern  mfu|pn  had  an  average  irelodtgr  of  nearly  3  feet  a  day.  Repeat- 
ing the  same  calculation  on  the  basis  of  movement  at  the  rate  of  20  feet  a  day  in  mid- 
glacier  up  to  October  5,  it  appears  that  the  ice  in  the  middle  of  Childs  Glacier  may 
have  been  flowing  at  the  rate  of  at  least  130  feet  a  day  between  July  20  and  August  fl. 
These  figures  arc,  of  course,  mere  estiuxates,  but  they  indicate  dearly  the  order  of  mag- 
nHade  of  tlie  ntet  of  glacier  motioa  during  a  spasmodic  advance.  Tlie  ice  was  too 
mndi  rwnrawifiil  to  peimit  the  aetting  vp  of  flagi  and  there  were  no  pimiarffia  of  ke 
that  could  be  identified  from  day  to  dbqr*  ao  that  we  were  unable  to  make  precise  meoa* 
nrements  of  the  rate  of  movement.  It  seems  clear  to  us,  however,  that  a  rate  of  move- 
ment of  not  less  than  30  or  40  feet  a  day  occurred  in  mid-summer  of  1910,  in  the  Qenteal 
part  of  the  glacier;  and  the  rate  may  well  have  been  several  times  that  amount. 

The  oscillations  of  the  ice  front  in  mid-glacier  during  the  summer  of  1910  are  shown 
in  the  following  table: 


WABMJOXOm  IN  Width  of  Copper  River  in  Front  of  CniLiys  Glaobb  wm 
Obcillatiomb  or  Icb  Fbomt  in  1909-1910 


DaU 

Width  qf  River 

Advance  or  RetrecU 

Baeed  on  Map$  Ay 

JlOj  1909 
June    3,  1910 
Aog.    11,  1910 
Aug.    17,  1910 
Unknown  date 
Oct     5,  1910 

775-1800  feet 

500-650  feet 
1065  feet 
625-1225  feet 
Not  measured 
600-900  feet 

Boginning  to  advance 

Advance  275-650  feet 
Retreat  415  feet 
Retreat  160  feet 
Stationary 
Advance  825  ^  feet 

Railway  KngiMMwa 

<(  <« 

i<  << 

Nat.  Geog.  Society 
Not  surveyed 
Railway  Engineen 

What  the  glacier  might  do  before  the  spring  of  1911  was  of  great  interest.   It  might  ' 
ecmtinue  to  advance;  or,  as  the  diminishing  rate  of  advance  on  the  nortliem  maigpa 
after  August  11  aoggeated,  it  was  possiUe  that  the  atatmgeat  advance  waa  over.  H 
advance  continued,  would  the  Racier  move  up  to  and  destroy  the  raflway  bridge 
(H.  CXLVIQ*  A),  whicli  was  onjy  1571  feet  distant  from  the  northern  margin 
(Fig.  59),  or  would  it  stoj)  before  advanring  that  far?  The  bridge  cost  $1,500,000,  and 
is  the  key  to  the  new  $20,000,000  railway  to  the  copper  mines.    It  is  absolutely  i 
certain  that  no  corps  of  engineers  living  could  save  the  bridge  and  railway  if  the  j 
glacier  should  advance  that  far.  The  railway  was  less  than  a  mile  from  llie  middb  of  ' 
the  glacier,  wiiidi  mi|^t  eaaQy  have  advanced  thia  distance  between  May  and  October, 

I  pliu  unmeMured  reU^at  after  August  17. 
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J910,  when  it  was  moving  at  the  rate  of  SO  to  40  feet  a  day,  or  more.  If  the  Racier 
tenuBiii  had  not  beat  swept  by  the  Copier  River,  tiie  r^idly-maving  middle  of  the 
gbcier  oertaiidy  woaM  hinre  advanced  this  diiftance.  The  akmly-nMmng  notthmi 

margin  did  advance  1869  feet,  at  a  rate  which  increased  ttOBk  practically  zero  in  1909 
till  it  reached  2  to  8  feet  a  day  in  1910.  Advance  here  was  possible  because  this  part  ol 
the  glacier  ends  on  the  land  where  the  river  could  not  cut  it  back. 

At  the  end  of  the  summer  of  1910  this  northern  portion  of  the  glacier  was  only  1571 
feet  from  the  railway'  bridge.  If  the  river  had  not  had  its  normal  summer  rise,  or  had 
the  advance  occurred  in  the  winter  yrhea  the  water  was  low  and  the  river  weak,  the 
middle  of  the  gkosr  would  snrdy  have  advanced  a  good  part,  if  not  all,  of  the  distance 
to  the  raiiwaj.  As  it  was  the  ice  front  did  move  fetwaid  more  than  WO  feet  before 
the  rise  came.  It  is  evident,  therefore,  that  the  preservation  of  the  railway  and  bridge 
during  the  summer  of  1910  wa.s  due  to  the  river,  the  verj'  thing  which  nccf  ssilates  the 
bridge.  The  relationships  of  the  variations  of  the  glacier  to  stages  of  river  level  are 
as  follows: 

Oscillations  of  Middle  of  Childs  Glacier  and  or  Copper  River  Level  in  1910 


Date 


VariaUoru  of  Glacier 


Stage  qf  River 


IMO  to  Jane  8,  1910 
June  StoAng.  11 
Ang.  11  to  Aug.  17 

Aug.    17  to  unknown  date 


Advance  875-6Mleet 
Retieat  415  Mt 

Retreat  160  feet 
Retreat,  continued 


Unknown  date  to  Oct.  5, 1910  Advance  325  feet ' 


FaU  *  Ufeel,  Bfagr  0  toJuneS 
Rise  6  feet 

Ivcvel  about  statioBaiy 
Rise  It^o  feet 
Fall  9  feet 


Resumption  of  Normal  Conditions  in  1911.  Upon  the  return  of  the  junior  author 
to  Childs  Glacier  in  June,  1911,  it  was  found  that  the  slowing  down  of  the  advance 
of  the  previous  year  (see  table,  p.  406)  had  been  continued.  The  northern  margin 
of  the  ^ader  had  advanced  onjy  07  feet  toward  the  sailwiQr  bridge  (PL  GLIII),  and 
tiie  rate  of  motion  had  been  redooed  feom  44-100  of  a  Ibot  a  day  in  Scptember- 
Oetoiber,  1910,  to  38-100  of  a  foot  a  day  in  June,  1911.  Conditions  were  not  yet  quite 
normal,  however,  for  imdor  usual  conditions  this  portion  of  the  glacier  terminus  has 
little  motion,  and  the  amount  of  ice  V)rought  forward  is  so  nearly  bahinced  by  melt- 
ing, that  the  ice  edge  cither  remains  stalionarj'  or  retreats.  In  1911,  however,  the  north- 
em  margin  was  still  advancing  slowly,  but  appreciably,  into  the  forest,  a  tape  line  measure- 
ment proving  an  advance  of  8|iprosimatdy  1  foot  in  the  8  dajs  between  June  18  and  18. 
This  portion  of  the  ice  front  was  ahnoet  as  severely  crevassed  as  in  the  previous  summer. 
Time  was  mudh  less  terminal  moraine  and  in  most  places  there  was  noo/b,  thoagh  at 
one  point  the  moraine  was  .5  or  6  feet  high.  On  tlic  river  bank  there  was  a  low,  partly- 
submarginal  moraine,  made  up  of  rounded  bowlders  and  inehiding  some  dead  alders. 
The  stream  draining  the  marginal  lake  flowed  through  the  forciit  parallel  to  the  ice 
front,  having  abandoned  its  subgiacial  channel  since  the  previous  autumn. 

Tlutt  the  rale  of  motioa  decreased  also  in  mid-glacier  is  made  plain  by  the  fact  lhat 

■  Low  water  throughoai  moit  of  iaii  and  winter,  with  riae  from  March  16  to  May  6. 
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tbe  ioe  front  did  not  advance  completely  aczoss  the  irror  diannd  during  the  winter; 
hot  that  it  did  advance  all  winter  ia  proved  bgr  tiie  breaking  of  tiie  iiv«r  ice»  dbaeivied 
fay  the  watdunan  at  the  bridge.  The  channel  was  600  to  000  feet  wide  in  October, 
1010,  and  approximatelsr  400  or  (00  feet  wide  in  June,  1011.  During  most  of  the  in- 
tervening months  the  river  was  so  low  that  a  gravel  bar  separate*!  the  ice  clifl  from 
the  river.  Tlicrrffiro,  tliere  was  practically  no  loss  of  ice  through  undercutting  and 
diiicharge  of  iceberg.s,  and  during  the  winter  months  there  would  be  little  loss  from 
ablation.  Yet  the  glader  did  not  advance  con^etely  aefoaa  tibe  river  channel,  as  H 
would  have  done  if  it  had  been  moving  as  much  as  6}  feet  a  day,  as  was  the  case  ia 
the  previous  autmnn.  In  fact,  the  rate  during  the  winter  was  less  than  i  feet  n  day: 
Exactly  how  much  the  ice  front  did  advance  during  the  winter  is  not  known.  It 
was  at  least  200  to  400  feet  and  probably  not  much  more.  The  river  did  not  rise  high 
enough  to  cover  the  gravel  l)ar  until  sometime  between  June  <»  and  9,  1911.  Tlicn  the 
undercutting  of  the  ice  cliff  by  the  river  resulted  in  the  beginning  of  rapid  iceberg  dis- 
charge, spoken  of  by  people  in  Alaska  aa  the  "woiking"  of  the  Racier.  The  ice  ^ff 
according  bc|^  to  retreat  and  the  widdi  of  river  observed  on  June  17  had  andoubt- 
edly  been  increased  by  some  retreat  during  the  previous  week.  Even  with  this  aOowanoe 
it  is  evident  that  there  had  been  a  notable  diminution  of  rate  of  advance  during  the 
winter  of  1910  11.  Judging  by  the  incomplete  data  that  we  have,  which  at  Icist  pjve 
the  approximate  relative  magnitudes  of  liie  motion,  the  middle  of  Childs  Glac  ier  was 
moving  at  the  rate  of  approximately  ^  or  3  feet  a  day  from  190G  to  1908,  incrca^ng 
to  5  or  0  feet  a  day  in  1000,  to  at  iMst  80  or  40  feet  a  day  in  August,  1910,  and  at  Hie 
height  of  the  advance  periiaps  much  more.  The  rate  also  decreaaed  rqndly,  beinff  be- 
tween 8  and  80  or  more  feet  a  day  in  October,  1010,  and  less  than  S  fleet  a  day  in  Jun^ 
1011. 

Signs  of  the  preceding  summer's  activity  were  still  visible  on  the  river  bank  opposite 
the  middle  of  the  glacier,  and,  owing  to  a  rapid  ri.se  of  the  river  during  the  period  of 
observation,  the  junior  author  was  again  able  to  witness  the  phenomenon  of  frequent 
and  active  icebeig  disdiaige.  The  ice  diff  was  still  so  near  lhat  the  wavee  ocrasionnHy 
rushed  across  the  river  and  rose  ovw  the  gravdi  bhiff.  Icefalocksof  many  tons  in  wei^it 
were  left  by  the  waves  and  stones  of  great  size  were  hurled  bade  among  the  trees,  while 
araie  of  the  smaller  shrubs  were  being  uprooted  by  the  wa\'es.  Several  times  these 
waves  were  seen  to  run  up-stream  from  f  to  J  of  a  mile  against  the  river  current. 
Himdnxls  of  salmon  were  washed  out  upon  the  bank  of  the  river  near  the  glacier.  At 
the  base  of  the  ice  clilF  Uic  water  sometimes  splashed  !200  feet  into  the  air,  and  air  vi- 
brationa  in  ctnmecdon  with  iodieigB  diadtaige  shook  a  ftame  building  |  of  a  mile 
from  the  glader  vigorously,  so  that  the  writer  was  awakened  from  deep  several  times 
during  the  night.  As  in  1010,  icebei^  disdiaige  was  more  frequent  in  night  than  ia 
the  daytime.  Yet,  on  the  whole,  the  phenomena  observed  in  1911  were  feeble  caaa> 
pared  with  those  of  the  previous  year  when  the  maximum  advance  wa.s  in  progress. 

The  diminution  of  movement  was  also  shown  by  the  inactivity  of  the  .southern  third 
of  the  glader  front.  Some  lateral  spreading  of  the  southern  margin  of  the  glacier  oc- 
cuned  between  August,  1910,  and  June,  1911,  but  that  it  had  ceased  for  some  tinae 
was  indicated  by  the  presence  of  a  narrow  strip  of  thin  ablation  moraine  oa  tbe  iee 
edge  and  by  the  fact  that  for  some  distance  from  the  margin  the  crevasses  in  the  Racier 
had  nearly  healed  by  ablation. 
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Aitogetiier  the  1911  conditions  indicate  a  rapid  return  to  the  normal  state  which 
prevailed  before  the  advance  of  1910. 

It  vrndd  have  Iwen  mam^BaSfy  interestiiig*  though  tmfortiinate  for  the  railway, 
to  have  seen  the  advaiioe  eontiiiiie  during  the  km  water  stage  from  October*  1910,  to 
Jnoe,  1911,  with  a  gradual  forduag  of  the  river  eastward,  the  cutting  back  of  the  eastern 
river  bank  in  the  unconsolidated  pravels,  the  interference  with  stream  flow  and  iceberg 
discharfre  from  Miles  Glacier,  and  many  accessory  phenomena.  Fortunately  the  gla- 
cier advance  came  at  the  time  of  high  water,  and  was  nearly  over  by  the  l>eginning 
ot  the  low  water  stage  in  October.  The  advance  would  have  easily  reached  the  rail- 
viy  if  it  had  occuned  in  early  spring,  late  fall,  or  winter.  It  aeema  iwobaUe,.h0wever, 
that  tin  river  can  alwaya  be  depended  upon  to  protect  the  bridge  and  railway,  if  future 
advances  come  at  }agk  water,  when  undercutting  of  the  glacier  seems  competent  to 
cause  enough  iceberg  discharge  to  keep  back  the  advancing  ice  front;  unless,  of  course, 
there  occurs  a  period  of  prolonged  or  far  more  active  advance.  It  is  unfortunate  that 
there  is  no  similar  protective  relationship  of  the  river  to  the  Allen,  Grinnell,  Heney, 
and  Kennicott  Glaciers,  whose  outer  portions  are  also  traversed  by  this  railway  and 
iHridi  may  sometime  have  advances  omilar  to  tliat  of  Childs  Oader  in  1910. 

Cam90  if  the  1910  AdMmet,  The  advance  of  GhiUa  Glader  in  1910  is  of  interest  in 
connection  with  the  q>asmodic  advances  or  Racier  floods  of  the  Yak-utat  Bay  glaciers 
since  1899.   The  recent  history  of  the  ice  Umgue  may  be  summarized  as  follows:  Omit- 
ting the  imperfectly-known  historv"  of  Childs  Glacier  at  the  time  of  the  visits  by  the 
Russians,  we  know  that  it  was  engaged  in  what  seems  to  be  normal  fiowage  from  1884 
to  1909,  interrupted  by  a  slight  increase  in  rate  of  movement  in  1900-6.  In  1909  this 
nonnal  movement  was  inteirupted  by  a  aoariDed  increase  in  rate  of  flow  but  this  did 
not  assume  great  proportions  until  the  summer  of  1910.  During  this  summer  the  ad- 
vance was  phenomenal,  being  similar  to  what  we  infer  to  h:n-o  taken  place  in  the 
Yakutat  Bay  glaciers  during  their  brief  spasmodic  advances,  though  with  a  longer 
total  period  of  advance,  in  this  respect  resembling  the  conditions  in  the  Veniagt-Ferner 
of  the  IVrol.    The  Childs  Glacier  began  its  unusual  activity  in  1909,  was  many 
times  more  active  in  1910,  slowed  down  by  October,  1910,  but  continued  a  slight  ad- 
vance during  the  winta  of  1910-11.  In  June,  1911,  the  condtticas  seemed  to  b^  neariy 
novmal  again,  thoo^  tfa«re  was  still  some  advance.*  This  shows  deariy  that  a  great 
wave  of  motion  suzged  down  through  Childs  Glacier,  beginning  to  make  itself  fdt  in 
1900.  causing  greatest  activity  in  1910,  and  becoming  greatly  reduced  in  about  a  year 
from  tlie  time  it  commenced. 

Mr.  E.  C.  Hawkins  was  told  by  a  reliable  prospector,  who  witnessed  the  happening, 
that  during  an  unusual^  warm,  rainy  period  in  Januaiy  or  February,  1910,  a  detached 
hmwtg^g  l^bcier  fdl  from  the  walls  of  the  Childs  Glacier  valley  about  10  miles  west  of 
Copper  Biver.  A  stupendous  quantity  of  ice  was  avalanched  out  up<m  the  glacier 
soriRaoe.  This  of  itself  could  not  have  caused  the  advance  of  1010,  which  indeed  liad 
-already  commenced  before  the  avalanche.  It  illustrates,  in  a  small  way,  however,  what 
may  take  place  on  a  much  larger  scale  when  a  severe  eartlifniake  shakes  a  mountain 
r^on  like  that  near  Childs  Glacier,  which  has  many  detached  glaciers  hanging  on 
atesietMd  dopes  and  much  snow  !n  unstable  equilibrium. 

t  Gileb  Corser  of  Cordova  observed  in  1912  tiiat  Childa  Ciiader  had  advanced  60  feet  from  July  15  to 
fiipliimli»  ao.  ItisprenMdtiMttUsiiMiasMiindatthsnortlimiBiiqibii^ 
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It  is  known  definitely  that  this  portion  of  the  Chugach  Mountains  had  severe  ava- 
laadies  during  the  Yakntat  Bay  earthquakea  of  Scptambcr,  1809,  tat  tha  diodca  van 
felt  with  mndk  wverity  on  tin  Copper  River  ddte  soutiiweat  ol  Cliildi  Glacier,  aa  well  1 

as  to  the  southeast;  and  many  avalanches  were  lieaid  in  tlie  Qingach  Mountains  to  ! 
the  northwest.'  In  all  probability  avalanches  were  also  caused  by  the  smaller  Chugach  ' 
earthquake  of  October  9,  1900,  which  was  felt  with  much  severity  on  the  Copper  River  I 
delta,'  and  indeed  by  one  party  b('tw(M*n  Childs  and  Miles  Glaciers.  The  rapidity  of  I 
movement  of  this  wave  of  advance  in  1910  and  its  rapid  diminution  strongly  suggests  | 
tiie  fiaithmialrr  apvalanciie  ori^n. 

Hie  climatic  aittutioii  regirdiiig  Oiilds  <3acier  may  be  ammnariaed  aa  foUowa:  Aft 
Fort  Liscum  near  Valdez,  60  miles  northwest  of  Childs  Glacier  there  was  increased 
anowfall  in  1903-1903  and  in  1907-1908  (see  table,  p.  316).    At  Orca,  83  miles  south-  ; 
west  of  Childs  Glacier,  the  snowfalP  was  much  heavier  than  usual  in  190ii- 190.5  and 
from  1906  to  1908.    For  the  snow  year  1907-1908  the  rail \s ay  en^neers*  records  at  i 
Miles  Glacier  station  show  a  snowfall  of  4l>3  inches  and  for  1908-1909  of  410  inches.  ' 
In  the  latter  year  llie  snowfall  at  Hag  Point,  20  milea  aoulii  of  Oulda  Gbder  wm 
965  indieo.  During  tlie  fint  half  of  Uie  anow-year  lfNI9-1910  the  anowfafl  at  liUcB 
Glacier  station  was  108|  inches,  or  only  half  as  much  as  in  the  corresponding  montiia 
of  the  two  previous  years.    Tliis  suggests  that  the  snowfall  in  1907-1908  was  exception* 
ally  great.    The  slow  advanc  rs  of  Miles  and  Grinnoll  Glaciers  in  1910,  of  Henej'  Gla- 
cier in  1911,  and  of  Allen  (ilacier  in  1912,  described  on  subsec{uent  pages  of  this  book, 
suggest  that  the  advances  of  all  five  of  these  glaciers  may  be  due  to  increased  snowfall 
in  10(»-1908  or  1006-1008,  but  the  jonior  anthor  does  not  fed  that  a  sufficient  t»ody 
of  &ct  it  as  yet  avaalable  far  ''^''^■g  between  thedimatie  and  earUiqnake  hypottieneB. 

The  Terminal  Moraine  of  Childs  Glacier.  There  is  unmistakable  evidence  that  ChJkla 
Glacier  formerly  spread  out  in  a  great  bulb,  similar  to  the  present  bulbs  of  Allen,  Sher- 
idan, and  Miles  Glaciers.  The  proof  of  this  is  found  in  tlie  remnants  of  tlie  preat  ter- 
minal moraine  of  Childs  Glacier.  There  are  five  of  these  residual  masses  of  j^hicial 
drift  around  the  peripheiy  of  the  former  bulb  (PL  CLXV)  and  m,  m  (PI.  CL.VI). 
The  moraine  is  an  andent  one^  eveiy  where  dodied  witk  dense  vegetation,  diidly  nldar 
and  Cottonwood. 

The  first  of  these  is  the  COO  foot  hill  on  the  western  side  of  the  Copper  River  valley, 
immediat(  I\-  nortli  of  Childs  Glacier.  It  is  a  curved  ridge  extending  eastward  a  mile 
and  a  quarter  from  the  valley  wall.  Its  crest  ever\'where  rises  400  feet  above  sen  level, 
or  275  feet  above  the  adjacent  valley  bottom,  and  three  knobs  upon  it  reach  elevations 
100  and  SOO  feet  higher.  It  connects  with  a  500  foot  terrace  on  the  northern  dope  of 
Uie  vallqr  of  CSiilds  Glader.  Tliis  tesraoe  slopes  rapidity  westward  to  an  devatioai  of 
1200  feet  Tlie  moraine  is  1  to  |  a  mile  wide  and,  in  places,  its  soifaoe  liaainoiioiiiiced 
minor  irregularities.  Its  dopes  are  very  steep. 

This  moraine  remnant  was  at  first  thought  to  be  a  rock  hill,  especiallj'  as  it  rises 
much  liigher  than  any  oUicr  moraine  accumulation  in  the  Copper  River  valley.  In 

>  Martin,  Lawrence.  Alaskan  Earthquakes  of  1899,  Bull.  Geol.  Soc.  Am»-r.,  Vol.  XXI,  1910.  pp.  S51-S54, 
S56,  964-S65,  S7S.  S74;  Tarr,  R.  S.  and  MaiiiD,  Lawrence,  Fiofesaoiuil  Taper  6S,  U.  S.  Geol.  Suney.  1812,  |^ 
40  "50. 

•  Martin.  Lawrence,  op.  cit.,  p.  401 . 

*  Data  aMemUed  by  Miat  Maude  Rdd  from  Weathw  Bureau  records.  See  unpiiWiahed,  theii^  Univct^ 
■tr  d  ^Ikeaada,  1018. 
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iti  podtion,  howevw,  tt  is  out  of  hamongr  wiih  My  ollior  luutoded  vock  spva»  aloog 
ttte  CSofsper  Biver,  tiuNii^  perfectly  nonnai  as  a  mofaimc  aocumulatum  ot  Ghikii  Gla- 
CHT.  Bepeated  traverses  of  its  dopet  have  revealed  no  rock  ledges,  and  no  rock  in 

place  is  found  in  the  existing  exposures.  The  first  of  these  is  at  the  extreme  eastern 
end,  where  the  grading  for  the  Copper  River  and  Northwestern  Railway  cut  into  the  end 
of  the  moraine  for  j  of  a  mile.  Here  all  of  the  material  was  till,  with  large  bowlders 
imbedded  in  fine  day.  The  other  oqxMure  is  at  the  western  end  of  the  moraine,  where 
Childs  Glacier  has  cnt  into  the  edge  of  the  moraine  terrace^  revealing  no  rod^  but  till 
and  tbratified  gravel.  These  relationships  prove  that  this  is  a  morainic  accumulation 
and  not  a  rock  hill,  and  it  is  also  clear  that  this  is  a  TnnMMn^  bttih  by  Childs  Glader 
and  not  by  the  former  trunk  glacier  of  the  Copper  River  canyon. 

There  is  a  gap  of  a  mile  and  a  half  between  this  large  northern  ridge  and  tlie  next 
two  remnants  of  the  terminal  moraine  of  Childs  Glacier.  They  are  each  small  knobs, 
lying  obflcurely  in  the  loieal  between  the  railway  and  Milea  Glaciar.  Hie  northem- 
UMMt  is  a  amall  hiOodc  rising  to  a  hei^t  of  80C  feet,  or  over  100  feet  above  the  adj»> 
cent  outwash  plain.  It  Kea  just  in  the  edge  of  a  more-recent,  low,  terminal  moraine 
of  Miles  Glacier  (PI.  CLXV)  and  ia  made  up  partly  of  rounded  gravels.  The  other 
small  residual  of  the  terminal  moraine  of  Childs  Glacier  is  a  loo^  low  ridge  whidi 
probably  marks  the  easternmost  portion  of  the  former  bulb. 

The  fourth  hilly  area  which  represents  part  of  the  terminal  moraine  of  Childs  Glacier 
is«|airly  large,  but  does  not  At  very  high  above  the  ooftmdi  pldn.  It  eKtends  from 
the  raihn^  to  the  Copper  Biver,  be^nning  with  a  singK  steq>-8ided  ridge  wbkh  crosses 
the  railway  west  of  Mile  Post  47.  Close  to  the  railway,  it  is  a  narrow,  sinuous  ridge, 
esker-like  in  places,  but  generally  with  knobs  and  kettles,  and,  at  one  locality,  divided 
into  parallel  ridges  which  enclose  the  basin  of  a  large  pond.  Near  the  railway  it  rises 
2a  to  40  feet  above  the  adjiiccnt  plain  of  outwash  gravels,  which  is  perfectly  smooth 
except  where  trenched  by  parallel,  southwest- trending  channels  of  the  former  streams 
frosn  Ides  Gheier.  This  motaiDe  btoadns  and  beoooMS  move  ineguhr  as  it  eKtoMis 
soufhwestwavd  and,  near  the  Copper  Biver,  rises  to  an  deration  of  100  to  900  feet. 

The  fifth  and  southernmost  remnant  of  this  terminal  monune  lies  soutli  of  Childs 
Glacier  and  west  of  Coppjer  River,  which  has  cut  a  steep  diflf  in  it.  The  moraine  is 
210  feet  high  and  extends  close  up  to  the  present  margin  of  Childs  Glacier  (PL  CLXV). 

The  cx])anded  bulb  of  Childs  Glacier,  which  built  this  terminal  moraine,  was  at  least 
4^  miles  wide  and  projected  1^  miles  farther  cast  in  the  Copper  River  valley  than  the 
present  kse  front  Hie  time  of  its  maadmnm  independent  expanaon  was  later  than 
the  stage  of  a  trunk  Racier  in  Copier  Biver  vaUey,  and  must  have  also  been  a  time 
of  diminution  of  the  present  bulb  of  Miles  Glacier,  which  oveflm>S  it  in  pi^.  The 
Childs  Glacier  evidently  retained  this  advanced  position  for  an  exceedingly  long  time 
in  order  to  produce  these  large  morainic  accumulations.  The  Copper  River  necessarily 
flowed  then  on  the  eastern  side  of  its  valley.  The  latest  shifting  of  the  Copper  River 
toward  the  western  side  of  the  valley,  doubtless  at  a  time  of  expau:>iun  of  the  Miles  Gla- 
cier bidb,  resulted  in  the  cutting  away  of  portions  of  this  termhial  mosaine,  as  weO  as  in 
the  destruction  of  the  ice  bulb  of  Childs  Glacier.  Subsequently  the  outwash  graveb 
were  deposited  between  the  monune  rannants  by  streams  from  Miles  Glacier,  and  the 
Copper  River  was  forced  over  to  its  present  course,  where  it  imdercuts  the  front  of 
Childs  Gladar  and  prevents  its  tenninus  fxom  c«panding  into  a  siymmetrical  bulb. 
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LoCAIKHf  AND  BnATKlMBin 

The  Ififef  aiid  Grinnell  Glaciers  are  located  just  north  of  ChUdl  Oader,  2ff  or  Sl^ 
milM  above  the  mouth  of  Copper  River  (PI.  XCIII),  in  the  lower  part  of  the  canyon 
by  which  the  river  crosses  the  Chugach  Mountains.  At  this  point  the  Copper  River 
valley  is  from  2J  to  4  miles  wide  at  llie  hottoiu  and  its  walls  rise  abniptly  to  elevations 
ol  from  3000  to  6000  feet.  Farther  south  the  valley  walls  ilare  apart,  the  width  being 
18  miles  near  the  Mft;  and  the  ^ackn  disciund  in  this  cluster  are  at  tiie  bead  of  lJa» 
V-AaptdhidiBalMiioa  iritis 

Here  four  glaciers  enter  the  valley  near  by  at  right  angles  to  its  course  (Map  9,  in 
pocket),  Miles  Glacier  comini;  from  the  east  and  Childs,  Grinnell,  and  Allen  Glaciers 
from  the  west.  Their  termini  are  from  125  to  200  feet  above  sea  level.  Miles  and 
Allen  (ilaciers  e.vtend  completely  across  the  umin  valley,  forcing  the  Copper  River 
first  against  one  mountain  wall,  then  the  other,  so  that  it  writhes  between  the  glaciers 
InaanuoiMOMiiMk  HOaa  and  Allan  Gladeia,  like  Cbilda  GkMSw,  ca^ 
to  the  imr,  earning  lapida  oppoaita  the  cud  ol  eaeh  ol  the  thiea  ^kmn,  and  thav 
llieia*  such  niatively  slack  water  as  to  give  rise  in  each  case  to  a  lake-like  eipanae. 
The  expansion  above  Childs  Glacier  is  a  broad  lake,  into  which  Miles  Glacier  dis- 
charges icebergs,  but  the  other  expansions  are  mere  enlargements  of  the  width  of  the 
river.  There  is  no  name  for  the  rapids  opposite  the  end  of  Cliild.s  Glacier,  but  the 
rapids  opposite  the  termini  of  Miles  and  Allen  Glaciers  are  called  Abercrombie  Kapids 
and  Baiid  Canyon  Bifida  rapeetively. 

Copper  River  ia  hd  iAkBy  by  i^aciai  streama,  icoeiviag  tiie  drainaga  of  aonw  of  tihe 
^aciers  on  the  southern  side  of  the  Alaska  Range,  of  a  large  proportion  of  the  glacier 
system  of  the  Wranpell  Mount ain.s,  and  of  the  glaciers  along  200  miles  of  the  northern 
slopes  of  the  Chucaoh  Mountains.  To  this  already  great  sapply  ia  added  much  water 
from  Allen,  Miles,  and  Childs  Glaciers. 

After  the  railway  crosses  the  river  by  the  high  steel  bridge  between  Miles  and  CLilds 
Glacicia  it  paaaea  over  the  tq>olGnnneil  Glacier,  and  doae  to  the  northern  part  ol  MUaa 
Glacier  near  Abererombie  Bapida. 

Miles  Glacier 

General  Description.  Miles  Glacier  (t'l.  XClli)  flows  westward  into  the  Copper  Riv«- 
valley  from  an  unexplored  source  in  the  Chugach  Mountains.  Only  the  lower  15  miles 
of  the  glacier  have  been  mapped  (Map  9),  but  much  more  than  this  is  visible  from 
the  railway,  and  it  ia  probal^y  40  or  50  mHea  long.  It  riaea  in  anowfieUa,  noeili  of 
Bering  and  Hartin  River  Gladera,  where  Mt.  HawloBa*  and  aeveral  other  pailni  tSmm 

>NaBMd  fame  Cor  the  hteB.C.HMikias^  the  CBgiaaw  who  bdhthtOop^        «id  Northnwam 
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to  heights  ol  8000  to  10,000  feet  near  the  head  at  the  MOes  Glacier.  Within  the  moun- 
taiii  valley  the  glacier  has  a  width  of  two  to  two  and  *  half  milei  and  it  receives  at  least 
three  tributaries  in  its  lower  course.  There  are  one  or  two  rather  weak  medial  mo- 
raines, but  there  are  broad  lateral  moraines;  that  on  the  north  having  a  width  of  an 
eighth  of  a  mile,  while  the  southern  lateral  is  half  a  mile  to  a  mile  in  width.  Throughout 
its  visible  canne,  in  this  mountain  valley,  this  ice  stream  is  seveie^jr  cnvassed. 

Where  it  emeiges  into  the  Copper  River  vallqr,  the  Miles  Glacier  spteads  out  in 
a  gieat  bulb,  the  width  increanng  from  2|  miles  in  the  mouth  of  the  vall^  to  6|  miles, 
measured  from  the  northern  to  the  soutliern  e<lge.  This  bulb  has  two  quite  diffsNDt 
portiona,  a  precq»itous  ioe  wall  on  the  south,  and  a  moiaine-oovcred  piedmont  area  in 


An.  00.  Map  to  hvtmntM  Sam  or  Omas  amv  Wam  GiiAcm. 


the  northern  portion.  The  soulhem  half  protrudes  only  ali^tly  from  the  mountain 
▼aUegr,  ending  in  a  vertica],  whiter  ice  cliff  (PL  CLvill,  B)  which  discharges  icebergs 
into  the  lake-like  expanse  of  Copper  River  caused  by  the  CShilds  Glacier  constriction 
just  below.  Tliis  cliff  is  about  three  and  a  half  miles  long  and  at  leitst  WO  (vet  hip:h. 
On  the  southern  border  of  this  clear  iee  terminus  is  a  detached  strip  of  iee  completely 
mantled  by  morainic  debris,  making  it  impossible  to  judge  exactly  where  the  ice  ends. 
This  is  opposite  the  terminus  of  the  broad  strip  of  lateral  moraine,  batten  ct  vog»- 
tatioo»  whidi  extends  iq>  the  southeni  bolder  of  the  ^aeier. 

The  northern  half  of  the  Miks  Glader  terminus,  into  ^ch  the  ioe  diff  grades,  pro- 
jects westward  a  distance  ol  three  and  a  half  miles,  forcing  the  Copper  River  clear 
across  the  valley  and  into  a  marginal  channel  on  the  western  side,  where  the  constric- 
tion causes  Abercrombie  Rapids.  This  part  of  Miles  Glacier  looks  so  little  like  a  glacier 
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that  it  has  not  been  rqwwented  m  such  on  some  of  the  maps;  for  it  is  stagnant,  mo- 
raine-veneered, and  vegetation-covered,  ice  showing  only  here  and  there  where  the 
moraine  is  sliimif)ing  (PI.  CLVII)  as  the  unstable  foundation  slowly  melts.  Quite  in 
contrast  to  ihv  it  c  clitf  portion,  there  is  no  discharge  of  icebergs  from  any  part  of  this 
moraine-covered  margin.  It  is  nearly  twelve  and  a  half  miles  around  the  peripheiy  ci 
tiie  Blilea  Glacier  txoot,  pairiiig  ikiQg  Uie  kse  diff,  then,  in  a  great  curv^  aroond  liift 
maigiii  of  the  mocaine-oovcnd  bvlb. 

As  seen  from  the  railway  at  Iffiles  Glacier  statioD,  the  Bdiles  Glacier  is  lesi  inq^ressive 
than  the  Childs,  which  is  nearer.  The  real  difference  in  magnitude  may  be  appnoated 
from  Fip.  60,  which  shows  the  Miles  and  Childs  Glaciers  with  sketches  of  several  ci 
tlie  larger  glaciers  of  the  United  States  and  Canada,  on  the  same  scale,  supeiimpond 
upon  them. 

OhtenaHcnt  hy  ih$  Rutriam,  Several  eqiloranha^qnoted  the  Co|iperBiver  native 
as  sajing  that  in  early  tames,  before  the  Bnarian  C9qiloi»tioiia»  BCilee  and  ChildB  Gladen 
weie  united,  with  the  Copper  River  flowing  nnderaeath.  'While  not  at  all  improbably 
there  are  no  known  facts  to  verify  this. 

As  in  the  case  of  Childs  Glacier  the  date  of  the  Russian  observations  quoted  by 
Grevvingk  in  1850  is  not  known;  nor  is  it  known  whether  tliese  are  (irewingk's  own 
observations  or  those  of  some  one  else.  The  Russians  who  are  known  to  have  gone  up 
Copper  River  axe  Nagaief  in  1788,^  and  several  others  op  to  the  time  d  Sflnbramukoff 
in  1847.*  Hie  observer  to  irlum  Gvewio^  lef ers  may  possibly  have  been  a  aaikir  Bks 
Nagairf  rather  than  a  trader  like  Serebrannikoff  and  some  of  the  others,  for  hie  gives 
the  thickness  of  tlie  ice  in  fathoms,  not  in  feet. 

Grewingk  ^  stated  in  1850  that  "  the  ra\Tnes  filled  with  ice  twenty  fathoms  thick  are 
a  mile  wide  at  the  river,  and  in  some  places  the  ice  is  covered  with  earth  in  which  grow 
mosses,  beny  bushes,  and  the  alder.  Frequently  we  can  see  the  icebergs  *  oovered  with 
sofl  and  a  growth  of  green  bmhes  and  ripe  berries. 

"Rapids  have  been  formed  above  the  canyon  where  the  current  of  the  water  has 
cut  through  the  glaciers  .  .  .  and  beyond  these  mpids  no  mora  ioe  is  fonnd*  and 
the  sea  breezes  and  the  fogs  do  not  reach."  ^ 

This  seems  to  be  a  description  of  the  stagnant,  northern  part  of  Miles  Glacier  at 
Abercrombie  Rapids  and  perhaps  of  Alien  Glacier,  above  which  there  are  no  other  large 
glaciers  that  the  Russian  e3q>lorer  would  have  seen  from  the  river. 

Ok$malioiu  by  Army  Qfieen  and  Oovtmmmt  CMogitU.  Abefcromlne  spent  Jul|y 
and  August,  1884^  near  Miles  Glacier,  making  a  msp,  taking  a  number  d  phologniiihs^ 
afterwMds  reproduced  in  Allen's  report  of  the  army  eqwdition  of  1885,  and  recording 
some  facts  oonoeming  the  evader.*  Its  middle  portion  was  sevetd|y  frfivasacid,  for  in 

I  Bancroft,  II.  H.,  Histoiy  of  Alaska,  Vol.  XXXIII.  San  Francisco,  1886,  p.  187. 

•  Journal  of  the  Riuaian  Geographical  Society,  St.  Petersburg,  1849.  tnuulated  by  S.  N.  Bu>-nitzi.  and 
quoted  by  H.  T.  Allen,  in  Narratives  of  Ezpkntions  in  Alaska,  Senate  RepIL  1019,  56th  Congress,  1st  Seaaioa, 
WMidngton.  liNlO.  pp.  41MS;  Dall,  W.  H.,  Aladn  and  Its  Resouroes,  Barton,  1870,  p.  94S. 

•  Grewingk,  C,  Beitrag  zur  Kenntnisa  der  Orographischen  und  Geognostischen  Bcschaffenheit  der  Nordwest- 
Kttste  AiwTilfM  mit  den  Aniiegenden  loseln,  VerhandL  Buss.  Kaiaeri.  Mineral.  GeaeU.  su  Su  Petenbtn;^ 
1818  mid  1848,  pp.  9ir8t 

<  Probably  meaning  the  glacier  rather  than  icebergs. 

•  Abercrombie,  W.  R..  Supplementary  Expedition  into  the  Copper  Bivcr  Valkgr,  Alaaka.  1881^  NaomiivM 
of  E^loimtions  in  Alaska,  Washington.  1900,  pp.  386, 888-880. 
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A.     TKHMIN  At.  (  AS<  AllK  OK  C'HK\K«iA  (iU-^tlKR 

Compared  in  hr-ight  witli  Wjusliinjrton  M<>iiiiiii<-i)(,  whicli  h  HM  fool  higli.    Photograph,  August  9,  IIHO,  fn>m 

I'holo  Sfati<»n  C. 


B.    TiiK  Advaming  Ter-mints  of  Ciiiljis  (Ii_\nKR 

the  n«»rthiTn  rdgi-  in  HMO.  when  this  portion  was  advanring  into  the  forest  at  tlic  rale  of  alxnit  3J  feet 

a  day.    Photograph,  August,  1910. 
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Plate  CL 


A.    I^»w  Watkr  Stame  of  Coppkr  Rivkk 
With  infrt>quent  ire  falU.  lying  on  a  gravel  bar  at  the  Imuc  of  Ciiilds  Glacier  difT. 


Thnmn  up  among  tlio  trt-cs  by  waves.    l*holog™ph  by  E.  A.  Hegg. 
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Nnns  Maps  or  the  Same  Portion  of  the  Advanokg  Fbomt  or  Cbiuw  Glacob  iw  1910 

Altar  aurvievB  by  laUtnyovinmsaadUieNatioiiidGe^^  Ott—diaMptiMlMtpwfrio— ie>fco<t 

is  ahoim  by  a  Iij^t  line. 
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A.    Mii.»:.s  <ii..\<  ii:it,  on  Lf.pt 

IIolilinK  ('«<]>p«T  l{i\<T  ill  inarffitiiti  <'liatin<-l  i>f  AlienniiiiKiv  Rapids.    SUvp  rnuiintnin  nnll  <in  right. 

Pli(>t(>|,Tnpli.  liMK). 


B.   A  Portion  of  the  Front  of  Miles  Gl.\cier 

Mt.  Hawkins  and  Van  CIcve  Glacier  in  ihc  backgruund.    Phutograph,  1910,  from  Station  ('.  on  tlie  rail  war 
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AagiHt  they  tried  to  cnm  it  fmn  the  aoutii  bat  wttt  tuned  beck.  Its  northern  por- 
tion extended  clear  aen«  the  main  valley  up  to  the  west  waU,  while  the  soutliern  part 
had  retreated  to  form  a  small  part  of  the  present  lake.  Abercromhie  \'i\ndly  describes 
the  rapids  and  says  that  the  river  was  only  150  yards  wide,  running  10  or  15  miles  an 
hour  in  midstream.  Just  below  the  rapids  the  river  split  into  four  large  channels,  down 
lAkh  I3he  VKter  loihed  "ot  a  terrific  wte  of  speed  into  ft  large  badn  fanned  by  thU 
moortcr  gbwiflr  in  di^  goDe  by.*'  Of  Aberaroinbie's  two  1884  idiotognphs,  icpiod^^ 
in  ADan's  Nport,*  one  diows  the  n^ids  and  the  ice  diff  «i  tiie  aouthem  portion  somevHiat 
as  they  were  in  1910,  though  the  ice  diff  was  further  out;  and  it  also  shows  almost  the 
same  distribution  of  lateral  moraine  on  the  northern  side  of  the  glacier  as  in  1910. 
The  other  show^s  not  only  that  the  northern  portion  of  Miles  Glacier  extended  across 
the  valley  more  than  27  years  ago  but  that  it  was  even  then  stagnant,  and  mo- 
nim^mvnd,  with  vegetation  growing  upon  it,  and  in  pioeeas  of  being  ondermtned  by 
dmufttag,  ae  in  lOW  and  1910. 

^Vhen  Allen  '  went  up  Copper  River  in  Ai»il»  1885,  he  observed  that  west  of  Milfli 
Glacier  the  river  bed  was  800  yards  w^ide  in  contrast  with  its  width  of  cwi^y  1C5  yaids 
east  of  Childs  Glacier  and  of  50  yards  in  Abrrr  rombie  Canyon. 

Allen*  recognizcfl  that  the  \ egetation-covertd  hills  between  Childs  Glacier  and  the 
MUthem  margin  of  Miles  Glacier,  were  morainic  and  associated  with  a  former  expansion 
of  ttese  glaciers,  indeed  staling  tliat  the  drift  grades  indistingiiishah^y  into  the  sonthem 
odge  of  Bfiles  Ghcier,  as  we  observed  it  to  do  in  1908. 

"When  Hayes  descended  Copper  River  in  August,  1891,  he  made  a  sketch  miq>  dioviog 
the  specific  conditions  at  Miles  Glacier,  which  he  also  described  as  follows:  * 

"A  couple  of  days  brought  us  down  to  Miles  Glacier,  where  the  river  tumbles  over 
a  (Jam  of  huge  moraine  bowlders.    It  is  necessary'  to  make  a  portage  here  sometimes 
across  both  moraine  and  glacier.   Crossing  about  two  miles  of  moraine  covered  with 
a  dense  alder  thicket,  wo  came  out  npon  a  high  ridge  of  freshly  deposited  bowlden. 
Immndiatdbr  in  front  was  a  Iwoad  caqMnsion  of  the  river  in  front  of  the  glacier,  whidi 
fonned  an  ice  cliff  along  one  side  nearly  four  hundred  feet  in  hd^t.  Bei^  were  almost 
oonstantly  falling,  with  reports  hke  thunder,  dashing  the  spray  high  above  the  top 
of  the  cliff.  The  current  of  the  river  sets  across  the  lake  toward  the  front  of  the  glacier, 
and  where  it  meets  the  swell  produced  by  a  falling  mass  of  ice  the  water  is  thrown  into 
•enormous  breakers  which,  with  the  grinding  icebergs*  would  swamp  a  boat  instantly." 

"Ides  Ghwier  is  quite  eonpaiable  in  sise  with  those  of  the  SL  Blias  logion  and  is 
formed  under  cssentisJIy  Ihe  ssme  dimatic  conditiops.  It  is  evidently  retreating  at 
present,  and  the  river  spreads  out  in  a  lake-like  expansion  ahmg  its  front  in  a  part  of 
the  glacial  channel  from  which  the  ice  has  receded.  This  expansion  of  the  river  is  about 
a  mile  in  width  and  one  side  is  formed  by  the  glacier  front,  a  cliff  of  ice  850  feet  above 
the  water  and  over  five  miles  in  length.  Although  the  ice  no  longer  readies  entirely 
across  the  valley,  there  remains  a  heavy  lateral  moraine,  indicating  its  former  position 

•  ExptKlition  to  the  Copper,  Tanana,  and  Kojnikuk  Riven,  1885,  Waahingtoo,  188V*  Rslet  $  tad  $i  NmH^ 
Uvem  of  Explontioiu  in  AUaka,  Waahington,  1900.  opposite  pp.  4S6  and  4S7. 

•  ADen,  BL  T,  Expedliiuo  to  Copper,  Tanana,  and  EjoyxAatk  Bivcn,  WtMatfian,  1887,  p.  42.  tad  lisp  ti 

jJso  in  Narratives  of  Explorations  in  Alaska,  Washington,  1900,  pp.  424-5.  486-7. 

»  AHen.  H.  T.,  Copper  River,  Alaska,  Glacial  Action.  Science.  Vol.  VIII,  1886,  pp.  145- U6. 

•  Bmytm,  C.  W..  Eiiqiloration  Tiuou^  tb«  Yukon  District.  Nat  Geog.  Mag..  VoL  IV.  189a.  pp,  IM.  154. 
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and  damming  back  the  river  as  already  described.  The  fact  that  the  river  has  cut  only 
part  way  through  the  moraine  indicated  a  very  recent  recession  of  the  glacier." 

Although  no  reference  is  made  to  ice  beneath  the  moraine,  there  can  be  no  doubt 
that  it  was  there  in  1891,  as  it  was  in  1909. 

Abercrombie  revisited  Miles  Glacier  and  Abercrombie  Rapids  in  October,  1898,  fouN 
teen  years  after  his  first  visit,  and  states  that  "the  glacier  is  very  much  emaciated, 
and  the  channels  through  which  the  water  rushes  are  much  wider.  The  current,  while 
less  violent,  is  still  of  such  a  character  as  to  preclude  any  thought  of  navigation  under 
any  condition.  Shooting  the  first  and  second  rapids  successfully  the  little  party  dropped 
down  through  the  third  and  proceeded  down  the  river  past  Childs  Glacier.    On  the 


144*40'  14470' 


^_  £  £  lO  miles 

Fio.  61.   LowxB  PoBTiON  or  Miles  Glacikb  in  1808. 
After  U.  S.  Geol.  Survey. 

faces  of  both  Childs  and  Miles  glaciers  I  noticed  a  very  marked  change.  Miles  Glada 
had  receded  toward  Mt.  St.  Elias  some  5  or  6  miles.  Where  in  1884  the  Copper  washed 
the  face  of  this  glacier  was  now  an  immense  lake.* 

He  further  states  that  at  the  head  of  Abercrombie  Rapids,  Miles  Glacier  is  "  covered 
with  an  immense  amount  of  morainic  matter  and  a  dense  growth  of  alders,  which  ef- 
fectively protect  the  glacier  proper  from  inroads  by  the  river."  WTiat  has  since  been 
named  Abercrombie  Canyon  "has  a  canyon  wall  on  the  right  side  only.  The  left  is 
formed  by  the  encroachment  of  Miles  Glacier."  The  rapids  are  "known,  respectively, 
as  the  first,  second,  third,  and  fourth  rapids.  When  I  first  visited  this  canyon,  in  1884, 
there  was  but  one  rapid,  the  first.    On  my  return  tliis  season  the  emaciation  of  the 

*  Abercrombie,  W.  R.,  Reports  of  Explorations  in  the  Territory  of  Alaska,  1898,  War  Dept.,  Adj.-Gen.  OflSoe, 
No.  XXV,  Washington,  1899,  pp.  S15,  S20-S!»:  Koebler,  R.  A..  Same.  p.  iSl;  Rafferty.  J.  J.,  Same.  pp. 
440-450;  also  in  Narratives  of  Explorations  in  Alaska,  Washington,  1900. 
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glftder  was  veiy  marked.   To  the  left  of  the  second  rapid  the  river  had  cut  out 

the  bowlders  and  worn  a  huge  hole  in  the  glacier,'  some  50  or  60  acres  in  area,  wliich  is 
the  entering  wedge  for  the  formation  of  a  new  channel.  The  face  of  Miles  Glacier  below 
the  fourth  rapid,  has  recedetl  some  5  or  6  miles  to  tlie  ta^t,  or  back  from  the  river,  and 
during  the  mouths  of  June,  July,  and  August,  the  falling  of  bergs  cut  out  by  the  com- 
panitivel^wannrivtt  water  from  tiiu  glacier       up  a  oontmoal  roar,  as  thfigr  f all  off." 

Onponl  KoeUer  states  that  "during  October  tout  and  tons  of  ice  broke  off  Miki 
Glacier  whidi  caused  a  noise  like  thunder  and  made  the  swells  of  the  river  almost  reach 
the  camp.  In  the  morning  the  bay  Mas  found  to  be  blocked  by  ice.  Only  to  the  ex- 
tn  mc  right  was  there  an  opening  sufficient  through  which  to  navigate  the  boat."  Guide 
Raflerty  indicates  that  Miles  Glacier  was  much  tlie  same  in  July  as  in  October,  1898. 

By  October,  1000,  the  southern  half  of  Miles  Glacier  seems  to  have  retreated  still 
&rth«r,  the  ke  diff  photographed  by  Sduader  and  Spencer  and  mapped  Itgr  W^het' 
90QI1  being  Iwthcr  bade  at  least  than  in  Hayee*  dwtdi  map  cf  1891,  and  tiie  lake 
huger.*  This  map  does  not  represent  as  ice  the  stagnant  northern  portion  d  the  i^ier 
which  causes  Abercrombie  Rapids,  showing  only  a  narrow  distributary  ice  tongue  north 
of  the  main  glacier,  doubtless  where  there  was  clear  ice  visible.  Earlier  observations 
prove  that  ice  must  have  underlain  this  whole  moraine-covered  belt  in  1900.  A.  C. 
Spencer  has  stated '  that  marked  recession  of  Miles  Glacier  took  place  between  1890 
and  1900. 

In  Angnat,  1005,  the  HilcB  GSacier  wai  photognphed  hgr  Webater  Brown,  and  in 

October,  1907,  by  F.  H.  Bfoffit,  cf  the  U.  S.  Geological  Survey.  The  photogn^hs  by 
Moffit  show  that  one  lobe  of  the  ice  front  terminating  in  the  lake  retreated  approxi- 
mately 1700  feet  between  1900  and  1907,  by  comparison  with  the  Sdirader  and  Spencer 

photogri^phs. 

Observations  by  the  Railway  Enginaers,  The  railway  and  bridge  engineers  of  the 
Copper  River  and  Northwestern  Railway  surveyed  their  xi|^t  <A  way  west  of  BiHes 
Gladcr  and  boilt  liimr  great  atcd  bridge  and  the  railway  between  1900  and  1010^ 
ping  the  diff  of  Miles  Glacier,  the  lake  and  its  outlet,  and  the  Abercrombie  Rapids. 
Their  maps  show  marked  enlargement  of  the  lake  between  1900  and  1908,  with  a  slight 
recession  on  the  south  side  of  the  glac  ier  so  that  the  middle  projects  in  a  pronounced 
point.   A  later  map  shows  advance  of  the  glacier  and  decrease  in  width  of  the  lake. 

The  railway  engineers  made  soundings  in  the  lake,  measured  the  velocity  of  the 
stream  at  the  outlet  of  the  lake,  determined  the  rate  of  icdierg  flow,  bored  throng 
the  facial  depoaiti  near  the  bridge,  kept  a  detailed  meteorological  lecoid  for  three 
years,  and  made  many  general  observations,  from  their  canq^  between  Childs  and  Miles 
Glaciers,  where  they  were  building  the  steel  bridge  across  Copper  River  and  operating 
a  car  ferr\'  across  the  Miles  Glacier  lake  in  1!)00  and  1910.  Many  excellent  photo- 
graphs of  Miles  Glacier  were  also  taken  by  individual  engineers,  and  by  £.  A.  Hegg, 
of  Cordova. 

*Tlie  Beufadc 

*  Geology  iDd  Ifloenl  Bcknimm  of  a  PoitioB  of  Ao  Copper  Hiver  IHitiiol,  Boon  Doe.  5M,  Mdi  GongtBH, 

tnd  Sesnon,  Washington.  1900,  PI.  XIII  B.  and  map.  FI.  II;  alw  reproduced  M  PI.  XII,  m  Bull.  8S4,  U.  8. 
Gcol.  Survey,  1906.    A  later  edition  of  Withergpoon's  map  of  Miles  Glader,  with  slight  modifications,  in- 
duding  the  widening  of  the  lake  through  the  retreat  of  the  ice  front,  has  also  been  published  by  the  U.  S.  Geol. 
Sarvey.  BuD.  874.  1909,  PI.  L 
t  fii  H.  P.  Biid*!  Taiiations  ol  Glackn,  Joom.  Goal.  ToL  DC.  IMl,  p.  tsa. 
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Observations  by  the  National  Geographic  Society's  Expeditions.  Our  own  studies  of 
Miles  Glacier  were  made  by  both  authors  in  August,  1909,  and  by  the  junior  author  in 
August  and  September,  1910,  and  in  June,  1911.  The  first  set  of  observations '  was 
limited  to  parts  of  two  days,  while  those  in  1910  *  occupied  parts  of  two  weeks,  during 
which  we  made  detailed  studies  and  took  many  photographs,  while  Mr.  Lewis  made 
the  topographic  map  reproduced  as  Map  9  (in  pocket).  The  study  of  Miles  Glacier  in 
1911  occupied  only  a  few  days,  dealing  chiefly  with  conditions  of  former  glaciation 
rather  than  with  Miles  Glacier  itself. 

The  M iUs,  a  Bulb  Glacier — General  Conditions.  Miles  Glacier  is  an  excellent  example 
of  a  bulb  glacier,  a  class  intermediate  between  the  valley  glaciers  and  the  piedmont 
glaciers.  Miles  Glacier  is  a  bulb  glacier  which,  on  emerging  from  its  mountain  valley 
into  the  flatter  grade  of  the  broad  Copper  River  valley,  spreads  out  in  a  bulb  or  fan 
(Map  9).   The  valley  glacier  and  the  bulb  will  be  discussed  separately. 

The  Valley  Glacier.  The  valley  glacier  (Fig.  61)  appears  to  be  perfectly  normaL 
It  has  severely  crevassed  white  ice  with  rather  broad  lateral  moraines  in  which  the 
ice  is  little  crevassed.  Its  mountain  walls  (Fig.  62)  rise  to  heights  of  2300  to  4900  feet, 
with  slopes  at  the  rate  of  three  to  six  thousand  feet  to  the  mile.  The  number  of  tributary 


Fio.  62.   Natubal  Scale  CBoss-SEcnoN  or  Miles  Glacier  in  Its  MocrrrrAiif  Vallet. 

ice  streams  is  unknown,  but  there  are  two  prominent  ones  entering  the  main  glacier  from 
-  the  south,  four  and  nine  miles  respectively,  from  the  terminus,  and  another  large  one 
coming  in  from  the  northeast  ten  miles  from  the  end.  This  tributary  ice  tongue.  Van 
Cleve  Glacier,'  is  over  a  mile  wide  and  enters  the  main  glacier  at  an  elevation  of  1800 
feet  above  sea  level. 

The  surface  of  the  main  valley  glacier  slopes  at  the  rate  of  less  than  150  feet  to  the 
mile,  but  three  miles  from  the  terminus,  the  slope  steepens  to  173  feet  per  mile,  and 
just  before  reaching  the  ice  precipice  in  the  lake,  the  slope  increases  to  660  feet  per 
mile,  as  if  Miles  Glacier  valley  had  a  hanging  relationship  to  the  main  Copper  River 
valley. 

The  Ice  Cliff.  The  portion  of  the  ice  front  which  discharges  bergs  into  Miles  Lake 
is  essentially  the  terminus  of  the  valley  glacier  (PI.  CLIX).  The  southern  edge  is 
exactly  at  the  mouth  of  the  valley,  for  this  part  of  the  glacier  does  not  spread  out  beyond 

>  TaiT,  R.  S.  and  Martin.  Lawrence,  Nat.  Geog.  Mag.,  Vol.  XXI,  1910.  pp.  1»-U,  23.  S7. 

*  Martin.  Lawrence,  Nat.  Geog.  Mag.,  Vol.  XXII,  1911,  pp.  542-543;  in  H.  F.  Reid's  Variations  of  Glacien 
for  1910,  Joum.  Geol.,  Vol.  XIX,  1911,  p.  458;  Zeitachrift  fUr  Gletacherkunde,  Band  VI,  1911,  p.  lOi;  Master- 
ing the  Alaskan  Glacier  Barriers.  Scientific  .American  Supplement.  Vol.  LXXI,  1911,  pp.  305-307;  Peter^ 
manns  Geog.  Mitteilungen,  Jahrgang  1912,  Septernbcrfacft,  Tafel  9. 

>  Named  in  1910,  for  i.  R.  Van  Cleve,  General  Manager  of  the  Copper  River  and  Northwestern  Rsilwa/. 
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the  mountain  valley;  but  the  northern  edge  merges  into  the  moraine-covered  piedmont 
bulb.  The  ice  cliff  is  irr^ular,  with  great  capes  and  coves,  but  it  is  not  as  high  as  the 
diff  of  dukli  GlMier.  TIm  focm  of  tbe  ioe  diff  ha*  varied  in  detail  ^uouigtM  the 
period  oi  obsenratkMis  and  Hieve  hwre  ben  aevenl  rhangrw  cl  moderate  amouiit. 

Tk§  Btdb  and  the  Marginal  Channel.  The  second  or  bulb  portion  of  Miles  Glacier 
is  represented  by  tlie  stagnant  northern  part,  and  by  the  lake  basin  from  which  the 
bulb  has  melted  away.  The  stagnant  northern  part  of  tlie  bulb  still  extends  clear  acro» 
the  valley,  as  it  did  at  the  time  of  the  last  great  ad\  aiue  when  Copper  River  was  forced 
over  into  the  marginal  channel  (Fl.  CLVIII,  A)  which  it  now  occupies.  This  northern 
pOKtioo,iriiidi  rises  to  a  height  of  480  feet  above  the  ]ake»  or  MO  toM5  leet  above  sea 
levei  is  all  covered  with  ablatiim  monine^  on  which  is  a  contiiinoiis  alder  growth* 
C9U9q>t  where,  as  the  ice  melts,  slumping  has  undermined  the  vegetation  and  let  the 
moraine  slide  off  the  ice.  Many  small  patches  of  this  nature  opposite  Ahercrombie 
Rapids  were  seen  by  us  in  1909-11  and  some  also  show  in  the  woodcut  from  Aber- 
crombic's  1884  photograph.  The  river  has  been  held  in  the  marginal  channel  through 
laek  at  retreat  of  this  portion  of  the  glacier,  which  is  of  course  much  retarded  by  the 
mantle  of  ablation  Bioraine  and  vq^etatioii.  Many  enonnoiis  i^adal  bowUers  skirt 
tine  fiver  bank  wxt  the  glacier,  evidently  helping  to  keep  the  river  in  its  channel. 
At  one  point  a  cove,  known  locally  as  **Tlie  Bearhol^"  was  fonned  in  the  glacier  by 
slumping  between  1884  and  1898. 

When  the  glacier  melts  completely  out  of  Copper  River  valley  tlie  site  of  the  rapids 
will  be  marked  by  an  abandoned  marginal  channel,  perhaps  cut  somewhat  into  the 
lock,  perhaps  witii  one  ride  missing,  where  the  ice-wall  now  rises.  It  is,  however,  pos- 
sible that  in  the  meantime  the  river  may  so  entrendi  itself  in  «  rock  gorge  at  Aber- 
erambie  Rsfiids  that  it  will  be  unable  to  regain  the  middle  of  the  valley  after  the  stag- 
nant northern  part  of  the  glacier  melts  away.  It  is  not  known  how  rapidly  the  river 
is  cutting,  but  it  flows  with  great  \  elo<ity  (Pi.  CLX),  is  heavily  charged  with  .se<liment, 
and  recei\es  additional  load  from  the  rock  and  ice  walls.  At  the  foot  of  the  rapids 
it  has  carried  away  all  of  the  moraine  left  by  the  melting  ice  except  a  few  of  the 

Hie  stagnant  northern  portion  of  the  bulb  has  remained  in  about  the  same  condition 
from  some  time  before  1884  to  the  present  time. 

There  are  three  quite  different  zones  in  the  moraine-covered  bulb  which  were  studied 
in  detail  in  1910,  and  their  relative  areas  represented  on  the  mvp.  The  diaracteristics 
of  these  three  parts  are  stated  in  the  following  paragraphs: 

Zone  of  Thickest  Ablation  Moraine.  The  western  or  outermost  part  of  the  bulb  (Thick- 
est Ablation  Motaine^  FSg.  OS)  is  deeply  covered  with  ablation  motaine,  wdl  seen  in 
tlw  portions  lacing  AbereramlMe  Bapids  (FL  CLX).  This  moraine  siqyports  a  dense 
growth  of  vegetation  (PL  dXJ)  with  trees  estimated  to  be  about  50  years  old,  and 
with  only  scattered  small  areas  where  the  underlying  ice  is  revealed  by  slumping;  but 
ioc  was  still  present  in  1910,  close  to  the  bank  of  the  Copper  River  at  Abercrombie 
Rapids  (PI.  CLVII),  and  along  the  northern  border  of  the  bulb  oppo.site  Allen  Glacier. 
Abercrombie's  photograph,  taken  26  years  before  our  visit,  shows  as  dense  a  growth  of 
vegetation  on  this  portion  of  the  bolb  as  at  jwesent. 

ZoM^TIMAUaiUmMoniiu,  The  second  acne  (R  C2JCV)  is  also  decpty  bmM 
hj  nwainie  dftris  mideriain  by  ioe.  Here  tilie  ice  is  infemd  to  be  less  Ihid^  covered 
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than  in  the  western  zone,  because  it  is  revealed  in  more  abundant  sections  and  is 
•liunping  moie  «ntiBua^9r,  M  !•  diown  by  the  genend  abMnoe  0^  Tliefiiie 
bclwWu  thflM  tiro  HUM  is  a  tta^  shaip  one  in  aome  placet,  md&  an  eeeMMsng 
bfaiff  between  the  foteited  wertem  sone  of  dense  vegetation  and  the  rdatively-beiTCn 

Bone  east  of  it.  There  are  a  very  tew  scattered  shrubs,  mostly  alders,  which  appear 
to  be  not  over  a  year  or  two  old,  for  the  largest  were  only  a  foot  or  two  in  height, 
and  the  stems  but  a  quarter  of  an  inch  to  an  inch  in  diameter,  but  those  that  we  cut 
down  had  from  14  to  22  annual  rings.  The  stunted  condition  may  be  due  either  (a) 
to  tiie  glacier  innd  and  the  eokbeii  of  Hie  boH*  or  (b),  aa  ire  cooaidflrmore  Eketsr*  to 
the  diifting  of  the  aoO  ivith  dmnping*  aa  the  ioe  underneath  rndts,  killing  or  vetaiding 
the  growth  of  the  moei>  gnMe»  and  ahruba.  This  prooeei  was  actively  in  piogvHidiBiBg 
our  visit  in  1910. 

In  this  zone,  especially  near  the  western  edge,  there  were  large  (le])ressioas  in  the  ice, 
with  a  depth  of  from  80  to  100  feet,  often  containing  ponds.  At  their  edges  the  mo- 
laine,  whidi  was  f  to  8  feet  thick,  was  continuaUy  sliding  down  into  the  water,  and 
the  ice  thus  revealed  (PI  GLSOI)  was  Made  with  debris,  dearly  mdicating  the  sooree 
of  tiie  material  making  up  the  aUatum  motaine.  Thoe  were  aJao  a  few  long,  namnr 
vall^s  without  lakes,  one  of  them  150  feet  or  more  in  deptii»  with  steep  waUs  of  base 
ice,  suc^pesting  the  enlargement  of  a  great  crevasse.  None  of  these  valleys  was  con- 
tinuous for  a  great  distance.  Farther  east  there  were  many  d6bris  cones,  rising  15  to 
25  feet  above  the  general  level,  some  of  them  made  up  of  till  with  striated,  subangular 
bowlders,  and  ecwitaming  no  See.  Many  of  these  debris  cones  ooenr  along  Ifawab  fbrniing 
diseontannons  ridges  of  distinctive  ndc,  sonietimes  difl^ring  from  the  general  rode  liiatuN 
rial  of  the  ablation  moraine,  sometimes  oomposed  of  coarse  slony  material,  rising 
slightly  above  the  general  level  of  an  area  of  finer  debris.  These  rows  of  dfiixis 
cones  are  interpreted  as  the  sites  of  former  crevasses. 

Three  pronounced  ridges  close  to  the  Co})per  River,  near  the  southern  border  of  the 
zone  of  thick  ablation  moraine  (near  Photo.  Sta.  M,  Map  9),  were  from  10  to  15  feet 
high,  about  100  feet  apart,  and  made  op  of  veiy  ooaise,  angular  lodDB.  There  was 
ahunping  in  one  of  these  between  1000,  when  Sdnader  took  a  photograph,  and  our 
visit  in  1010,  showing  that  this  area  is  still  underiain  by  iee.  Whether  tiieae  three  radges 
are  crevasse  deposits,  or  recessional  moraines  is  uncertain. 

A  narrow  strip  of  moraine  on  the  bank  of  Copper  River  and  at  the  extreme  south- 
western point  of  the  area  of  thickest  ablation  moraine,  does  not  seem  to  be  slumping 
and  may  contain  no  ice  at  present.  There  are  large  ponds  in  it  and  it  apparently  has 
not  changed  at  all  between  1884  and  1010. 

The  northern  margin  of  the  river  and  lake  in  the  sone  of  thick  ablation  morsiBe  is 
made  up  of  (a)  moderately  steep  cliffs  of  ice  from  which  the  d6bris  is  sliding,  Qa)  partly 
of  sand  deposited  by  the  Copper  River  and  made  into  a  broad  sloping  l>cach  by  the 
iceberg  waves  and  (c),  in  the  part  bordering  the  channel  by  which  the  main  river  esitecs 
the  lake,  of  very  coarse  stream-rounded  bowlders. 

Zone  qf  Thin  Ablation  Moraine.  In  the  third  zone  (Thin  Ablation  Moraine,  Fig. 
08),  the  ablation  motaine  forms  an  eneeedingly  attennated  veneer  in  most  plaoea,  and 
bears  no  vegetation  whatsoever  (FL  GLSm).  It  is  evidsntty  an  eaqwuded  eatensfcrn 
of  the  northern  lateral  moraine  of  the  valley  glacier,  and  is  separated  from  the  barren 
■one  of  thick  ablation  moraine  by  a  wdl-defined  line^  a  low,  west^adng  diff  5  or  10 
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thickmonune.  TheeaatcnedgtcltiiiiaQiieifatMMiitlaUytiieMiiiel^^ 

ioe  of  the  valley  glacier. 

Cause  for  Moraine  Zones.  The  separation  of  the  northern  portion  of  Miles  Glacier 
bulb  into  three  distinct  zones  calls  for  explanation,  for  the  condition  is  distinctly  not 
that  of  gradation  from  zone  to  z<Hie,  but  of  sharp  contrast  (PI.  CLXIV).  In  the  table 
bdow  tlie  Mgntfiffnt  iaets  an  oontfMtod. 

TaBLB  COMTBASTUfO  CONmilOMB  IN  THE  TlIREE  ZoiWi  OV  AbIATION  MOBiJNB  ON 

BliLSB  Glacier 


Monimt  C!oMr 

VegeiaMim 

AffeqfTrm 

Thic  kest  moraine 

Several  feet 

Very  little 

Continuous 

50  to  75  yean 

Thick  moraine 

A  few  feet 

A  great  deal 

Scattered 

Thin  moraine 

A  few  inches 

Rapid  melting 

None 

Fig.  63  is  a  cross-section  showing  the  three  zones  graphically.  The  east-facing  bluff 
at  b,  and  the  west-facing  ice  clifiF  at  c,  as  well  as  the  marked  difference  in  ages  of  trees, 
are  thought  to  be  especially  significant  in  connection  with  the  problem  as  to  the  differ- 
anoeflf  coniBtiaiitlntliefonatedioiie  (a-b,  FL  GLUV),  the  nIatively-baRai  nna 
Qi-e),  and  the  ab8olitld3r4»am&  loae  (c-d). 

At     along  the  contact  of  the  zones  of  thick  and  thin  moraine,  an  advance  waa  in 
progress  or  was  just  ceasing  in  1 91 0.    At  the  edge  of  the  lake  it  was  clearly  still  in  prog- 
,  for  ioe  blocks  wen  sliding  down  from  an  ioe  cliff  which  was  not  undercut  by  the 
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WftveSi  and  they  lay  in  a  heap  on  the  beach.  Back  from  the  lake  shore  the  snow  of 
the  winter  of  1909-10  was  folded  up  in  front  of  the  advancing  ice  edge.  "VMiile  we  could 
not  be  certain  that  advance  was  still  taking  place  all  along  the  low  cliff  on  the  line  c-c 
(PL  CLXV),  it  was  certainly  still  in  progress  for  a  quarter  of  a  mile  or  so  from  the  lake 
diom.  Hie  ioe  m  tiie  lone  of  thm  monine  had  llie  appearance  of  being  thmst- 
f  enlted  f otwaid  over  the  ioe  in  tiie  sone  of  thick  monune. 

The  explanation  that  naturally  suggests  itsdf  is  that  an  advance  of  Miles  Glader  * 
few  years  bef<Nre  1910  crevassed  the  ice  in  the  zone  of  thin  ablation  so  that  the  vegeta- 
tion which  had  previously  straggled  across  into  this  belt  was  destroyed,  while  the  grad- 
ually-thinning moraiuic  cover  was  partly  swallowed  up  in  the  crevasses.  This  advanc-e, 
of  which  there  is  independent  photographic  evidence,  began  after  1906  and  had  ap* 
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paraitily  afanost  ceased  in  1910  along  the  northern  portion  of  Inw  c  and  was  just 
dtjring  oat  near  the  lake  dune,  lidting  had  nearly  healed  the  crevasses  (PI.  CLXIU), 
and  the  removal  of  the  upper  layers  of  ice  by  ablation  had  left  a  thin  layer  of  mocaiaie 
d§bris  upon  the  ice  in  the  easternmost  zone. 

If  this  explanation  is  correct,  it  naturally  suggests  the  possibihty  of  a  similar  ex{^ 
nation  for  tiie  difference  of  moraine  and  Tegetalion  in  tlie  middle  and  weatern  nonei^ 
whoaeAaipconfaraat  on  either  «de  of  tiie  line  b^»calb  tor  a  special  That  j 

ia  independent  evidence  that  Milea  Gladw  had  an  earlier  and  greater  period  of  expan- 
non.  This  evidence  comes  from  the  southern  margin  of  Miles  Glacier  where  fh/ert  ia  | 
moraine  and  outwash  with  two  independent  sets  of  vegetation  20  and  70  years  old 
respectively.  It  is,  therefore,  tliought  that  during  an  advance  'ii  years  or  more  before 
1910  there  was  expansion  of  the  northern  bulb  of  Miles  Glacier  out  to  b.  This  resulted 
in  crevassing  and  defltniction  of  the  vegetation  vdiidi  had  preaumably  grown  in  fhe 
none  of  thick  aUation  morahie,  similar  to  the  fateaking  of  the  ice  and  deatructioB  of 
the  vegetation  which  in  1906  took  place  in  a  part  of  the  piedmont  bulb  of  Atvenida 
Glacier.  Certain  faint  ridges  in  the  zone  of  thickest  moraine  suggest  the  former  presence 
of  crescentic  cracks,  similar  to  tliose  Uiat  developed  in  the  outer  part  of  the  forested  j 
zone  on  Atrevida  Ghicier,  outside  the  zone  of  complete  destruction  of  the  morainic 
mantle  and  its  vegetation.  The  rapid  slumping,  the  presence  of  many  kettles  with 
pook,  the  yoathlttl  v^tation,  and  the  of  gradation  featnrea  at  the  border  (b-b), 
an  accord  well  with  thia  esplanation.  The  difference  between  the  bordering  Hare  at 
b  and  e  seems  to  be  merely  one  of  time.  The  uppermost  portion  of  the  middle  zone 
still  rises  higher  than  the  Avestern  zone,  but  at  the  border  the  relatively  cleaner  ice  oi 
the  area  of  thick  ablation  moraine  has  melted  down  below  the  level  of  the  very  dirty, 
protected  ice  of  the  zone  of  thickest  ablation  moraine.  In  similar  manner  tlie  west- 
facing  cliil  at  c  should,  in  time,  be  converted  to  an  east-facing  cliff,  because  of  difference 
in  rate  of  mdting  in  tlie  areas  of  thin  and  of  thi«&  moraine^  unless  continned  advance 
in  the  acne  of  tiim  moraine  makes  np  tat  the  losses  by  ablation. 

Western  Terminal  Moraine.  On  the  western  bank  of  Copper  River,  between  Giin- 
nell  Glacier  and  the  mouth  of  Chinaman  Slough,  ea.st  of  the  railway  bridge,  there  is  a 
terminal  moraine  which  seems  to  mark  the  westernmost  extension  of  the  Miles  Gladcr 
bulb.  ^ 

Near  Grinnell  Glacier  this  terminal  moraine  focms  a  line  of  irregular  hills  extending 
nearly  north  and  south  betwem  the  nStwfy  and  the  northeni  part  of  Chinaman  Slough 
(Fl.  GLXV).  Mature  cottonwood  trees  grow  on  this  moraine,  vdiich  ia  leas  tliaa  an 
dghth  of  a  mile  wide  and  90  to  50  feet  Southward  the  moraine  disappears  beneath 

outwash  gravels,  reappears  west  of  tlie  railway  and  crosses  the  track  north  of  Mile 
Post  50,  and  again  disappears  near  the  southern  part  of  Chinaman  Slough.  But  from 
here  on  to  the  site  of  the  north  ferr>'  slip  on  the  lake  shore,  its  position  may  be  traced 
practically  all  the  way  by  tlie  great  numbers  of  large  bowlders,  some  of  which  are  fmm 
10  to  IS  feet  in  diameter.  We  believe  that  this  belt  of  huge  stones  represents  the  rerf- 
dueof  Ibetenninal  nuMraine  after  the  river  had  wadied  away  tiie  day,  sand,  and  ansaDer 
bowlders.    West  of  this  moraine  there  are  outwash  gravels. 

The  Lake  Basin.  The  site  of  the  southern  half  of  Miles  Glacier  bulb,  east  of  the 
terminal  moraine  just  described,  is  occupied  by  the  lake  basin,  and  the  contiguous 
narrow  zone  of  ground  moraine  from  which  the  ice  has  completely  disappeared.  This 
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aywigiti  an  aiw  in  wUdk  tlM  ioe  ]im  been  letnating  rapidly  in  the  period  dnee 
before  1888,  pwemnobly  beeaoae  the  valkj  l^acier  is  not  moving  forwaid  stmi^,  ii 

not  protected  at  the  terminus  by  morainic  debris,  and  is  undercut  by  the  water.  The 
site  of  the  lake  may  poaaibly  be  daaaed  aa  analogooa  to  the  interior  flat  areas  observed 
in  other  bulb  glaciers. 

In  1910,  the  lake  was  from  one  to  two  miles  wide,  3j  miles  long,  and  150  to  300  feet 
deq>  (PI.  CLXV).  Since  the  low-water  surface  is  116  feet  above  tidewater,  the  bottom, 
thewiwe,  deacends  to  184  feet  bdoer  senkvd  (Fig.  64)»  So  large  *  lake  in  tiie  oonne 
ef  n  beavQyJoaded  river,  and  partScnlaily  of  a  gladal  stroam  like  Copper  Biver,  ia  an 
wnaoal  feature,  for  such  sediment-laden  rivers  rapidly  fill  and  destroy  lakes.  The 
presence  of  the  lake  is  of  itself  clear  evidence  that  the  glacier  has  recently  receded  from 
the  site  of  the  lake  basin.  The  great  depth  of  the  lake  is  evidence  along  the  same  line, 
for  at  the  mouth  of  Copper  River  the  deposits  have  built  up  a  large  delta  extending 
out  into  the  Pacific  Ocean,  and  it  is  necessaiy  to  go  over  £0  miles  offshore  before  a  point 
in  tiie  ocean  ia  readied  irith  a  depth  as  great  aa  that  of  MOes  Lake. 

Soutium  Tmm$ud  Moramt.  South  of  the  lake  ia  a  strq>  of  vatbgr  bottom  a  quarter 
to  a  half  mile  wide  wfaidi  also  represents  parts  of  the  fdtmer  bulb  of  ICOes  Glacier. 
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Thia  is  proved  by  the  crcsceutic  terminal  moraine  which  swings  across  the  Copper 
Biver  valley  from  the  eastern  valky  wall  a  half  mile  south  of  Bliles  Glacier  to  the  rail- 
wi^  bridge  at  liilea  Glacier  station  (PI.  CLXV).  This  moraine  ia  70  to  00  feet  higher 

than  the  outwadi  plain  on  the  south  and  20  to  30  feet  higher  than  the  area  of  ground 
moraine  which  separates  it  from  the  lake.  One  kame  hill  in  this  morwne  rises' to  a 
height  of  186  feet  above  the  low-water  surface  of  the  lake. 

Most  of  the  moraine  is  a  series  of  discontinuous  ridges  forming  a  belt  varj'ing  in 
width  from  100  feet  to  a  quarter  mile,  and  with  a  general  trend  parallel  to  the  former 
ioe  front.  \xk  the  kettles  between  these  ridges  are  a  number  of  ponds. 

Oramd  Moramt  and  IVtaefteti  Ie$  Mom,  Between  the  terminal  moraine  and  the 
lake  ifl  a  parallel  strip  of  ground  moraine  and  one  large,  detached  ice  mass.  The  ground 
moraine  is  ver>'  irregular  and  has  many  deep  kettles  containing  pools,  and  a  rolling 
surface  of  low  ridges,  standing  60  to  100  feet  higher  than  the  outwash  plain  south  of 
the  moraine.  It  is  made  uj)  of  till  and  gravel,  and,  in  large  areas,  of  angular  rocks  of 
considerable  size  (PI.  CLXVI),  sometimes  arranged  in  long  lines  of  crevasse  deposits. 

Tb»  edge  of  the  detadied  ice  mass  south  of  Miles  Glaci«r  is  buried  beneath  the  out- 
wash  gravds  which  mantle  part  of  the  ground  moraine,  and  theae  gravds  were  slun|i- 
ing  in  1910.  The  dctadied  ice  mass  is  riven  by  great  crevasses,  and  one  of  these,  50 
to  90  feet  deep,  had  morainic  debris  sliding  down  into  it  (PI.  CLXVII,  A)  from  the 
thick  covering  of  ablation  moraine  resting  on  the  ice.  When  the  ice  has  complete^ 


Digitized  by  Google 


m 


ALASKAN  GLACI£B  STUDIES 


indted  awiy,  tlim  inU  be  *  oooiiMeaoiif  ikige  of  rad^ 

elsewhere  as  crevasse  deposits. 

Wliere  the  ground  moraine  forms  the  southern  shore  of  the  lake  there  are  aevenl 
capes  and  bays,  and  large  valleys  and  kettles,  apparently  corresponding  to  fonnCT 
lobes  in  the  ice  edge.  Here  cliffs  rise  40  or  50  feet  above  lake  level,  and  the  slope  con- 
tmues  steely  below  water,  as  is  shown  by  the  fact  that  in  one  place  375  feet  from  the 
dioie  tike  Uw  is  100      deep*  iHiile  in  aiiothflr  pl^ 

indfeeling  that  these  axe  ioensontact  dopes  rather  than  wave-cot  dMb,  tiioai^  above 

lake  level  they  have  been  lOiiMnrhat  modified  by  wave  work. 

Ovimuk  Plain.  The  southern  edge  of  the  terminal  moraine  is  fringed  by  a  series  of 
small  alluvial  fans  of  coarse  gravel  leading  out  of  little  ravines  in  the  moraine.  A  few 
himdred  feet  from  the  moraine  they  merge  into  a  smooth,  gently-sloping  outwash  plain 
which  extends  southward  and  westward.  This  plain  is  trenched  by  scores  of  sub-paralld, 
aouthwest-tiendiiig.  abandoned  stteam  ooones  which  farm  theodty  inegolaritieBiB  tiie 
oatwaah  plain,  wHh  the  cxceptkm  of  two  groups  of  btUa  of  older  iDcnrame. 

The  border  between  the  moraine  and  the  oatwash  plain  is  generally  sharp,  but  m 
places  the  moraine  is  so  low  that  only  the  nature  of  the  soil  indicates  tlie  l)oundary. 
This  is  true  for  a  short  distance  southeastward  from  the  raih^ay  bridge  where  the  till 
and  large  sub-angtilar  bowlders  of  the  moraine,  in  contrast  with  the  assorted  rounded 
gravel  and  smaller  stones  of  the  outwash  plain,  are  more  useful  than  the  topography 
in  mapping  the  monune. 

V0(^laiion  m  Moraim  md  Outweuk,  TbM  vccetation  m  this  southern  area  f onneflf 
occupied  by  t]|e  Blika  Glacier  bulb,  covers  the  outwash  plain,  the  term  in  a!  moraine, 
and  part  of  the  ground  moraine.  On  the  outwash  gravel  plain  there  is  a  thick  growth 
of  Cottonwood  and  dense  underbrush,  with  trees  a  foot  or  two  in  diameter,  the  oldest 
one  wc  found,  a  cottonwood,  having  70  annual  rings.  In  the  abandoned  stream  chan- 
nels which  extend  across  the  outwash  plain,  there  are  no  treea  as  old  fhow  between 
the  stream  ooones.  Tlie  alhivial  fans  at  the  base  of  the  terminal  monMoe  axe  cawtnA 
with  moss  and  grass  but  have  no  mature  forest  like  that  on  the  oatwash  plain. 

The  terminal  moraine  is  about  as  densely  covered  with  v^etation  as  the  outwash 
plain,  but  there  are  no  cottonwoods.  The  woody  plants  are  all  alders  and  willows  and 
they  form  such  a  complex  network  of  close-set,  inclined,  interlacing  tnmks  that  travel 
through  the  thicket  is  very  difficult.  The  plants  are  younger  than  those  on  the  outw&sh 
plain,  llie  oUesltiiliooe  age  ira  determined,  having  80  ammal  rings. 

In  the  belt  of  ground  moraine  the  vegetatioo  is  progressively  younger  akog  a  line 
from  the  terminal  monune  along  the  Iske  shor^  toward  the  ice  edge  the  ages  of  the 
bushes  decreasing  from  19  to  5  years.  Acres  of  moraine,  too  rocky  for  the  rapid  growth 
of  bushes,  were  still  absolutely  barren  in  1910,  but  wooded  slopes  extend  out  to  the 
lake  shore,  and  an  alder  with  19  annual  rings  was  found  within  a  quarter  mile  of  the 
glacier.  There  were  no  shrubs  near  the  retreating  edge  of  the  detached  ice  block,  but 
some  small  dundbs  were  growing  in  the  ablatioii  moraine  upon  its  snrfaoe. 

Endmce  Tw>  SUiget.  The  difference  in  ages  of  trees  on  the  moraine  and  on  tlm 
outwash  plain  calls  for  a  q>ecial  explanation.  It  is  inq>ossible  that  the  ice  stood  nfc 
the  terminal  moraine  up  to  something  over  20  years  ago,  while  the  vegetation  upon  the 
outwash  plain  was  growing  freely,  for  in  that  case  the  trees  upon  the  otttwaah  plain, 
should  have  been  buried  in  gravds,  uprooted,  or  killed  by  the  water. 
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It  accords  well  with  the  known  historj-  of  the  northern  portion  of  Miles  Glacier  bulb 
to  infer  that  when  the  glacier  advanced  acroas  the  Copper  River  valley  to  the  site  of 
Abercronible  Blends*  it  also  cocpaiided  aouthwaid  to  or  near  llie  site  of  the  pveaoit 
terminal  monuno,  but  pibbabljr  not  b^fond  it.  Tliia  was  at  least  70  yean  ago  (that  ia, 
before  1840),  and  it  may  well  have  been  still  earlier.  In  the  southern  section  the  ice 
has  retreated  from  this  stand,  though  it  is  still  maintained  in  the  zone  of  thickest  abla- 
tion moraine  in  Uie  northern  portion  of  Miles  Glacier  at  Abercrombie  Rapids.  The 
70  year  old  trees  on  the  outwash  gravel  plain  indicate  a  similar  expansion  at  the  s&me 
period  in  the  soathem  area. 

A  note  leoent  advance^  to  be  oondatod  wifli  tiie  one  nUdi  eartondcd  acnMs  tiie 
■one  of  thick  ablation  moraine  north  of  the  lake,  extended  oat  to  the  proMiit 
moraine  soutli  of  the  lake,  destroying  any  older  moiaines  and  v^etatioa  between  the 
lake  and  the  moraine.  After  the  terminal  moraine  was  built  the  glacier  again  receded 
and  vegetation  sprang  up  on  the  surface.  This  was  over  20  years  ago,  that  is  before 
1890.  The  1%  year  old  shrubs  north  of  the  lake  show  that  it  was  before  1888,  but 
whether  it  waa  hdm  Hie  vints  of  AberaNMobie  and  Aflm  in  18M-8S,  it  not  eertain. 
Hajes'  nu9  made  in  1891  and  the  19  year  old  dmbs  witiiin  a  quarter  mile  of  MSlea 
Glacier,  indicate  that  ^  retreat  from  this  maximum  waa  n^id,  thou^  it  is  to  be 
noted  that  the  single  19  year  old  bush  may  have  had  its  start  <m  the  ice  and  have  maaiH 
tained  prowth  during  the  melting  of  the  ice  beneath  the  moraine  in  wliich  it  grew. 

The  lack  of  destruction  of  all  the  older  veu'etution  on  the  outwash  plain  su£?gesLs  that 
the  ice  stood  at  the  terminal  moraine  a  very  short  time.  The  streams  from  the  ice  did 
dettrcy  the  vegetation  in  the  bonier  of  the  outwash  plain,  wheie  the  amaO  alhzvial  fans 
form  a  rather  barren  fringe  in  front  of  the  terminal  moraine.  Hqt  also  cot  swatha 
through  the  forest,  now  repreaented  by  the  abandoned  southwest-trending  atream  couiaea, 
in  the  bottoms  of  which  we  saw  no  70  year  old  trees.  These  channels  are  cut  so  deeply 
below  the  general  level  of  the  plain  that  they  suggest  streams  less  heavily  laden  than  those 
which  deposited  the  outwash  gravels.  The  channels  are  now  overgrown  with  dense 
alder  thickets,  but  we  did  not  deteraoine  the  ages  of  any  of  the  shrubs  in  them.  The 
abeenoe  of  great  unmbecs  of  dead  eottomraoda  ataading  in  Uie  atream  eonraea  aeema  to 
be  doe  to  the  depth  to  wfaidh  the  Hiannela  were  cut  and  the  consequent  removal  of  the 
tree  trunks  and  roots;  but  some  wood  lies  partly  buried  in  theae  diannels. 

Scattered  through  the  undergrowth,  in  the  interstream  areas,  where  the  70  year  old 
cottonwoods  grow,  are  a  very  few  dead  trees,  standing  upright  in  place,  and  a  great  many 
recumbent  logs,  evidently  left  by  floods  at  the  time  of  the  cutting  of  the  channels.  That 
all  the  trees  were  not  killed  is  an  evidence  of  the  shortness  of  the  period  of  stream  invasion 
of  tilia  foreat  Hie  short  diatance  whidi  the  ioe  boat  had  tore  treat  before  the  water 
from  its  melting  would  be  diverted  throui^  the  deep  lake  basin  and  find  an  outlet  into 
the  present  channel  of  Copper  River,  at  or  near  the  railway  bridge,  doubtless  helps  to 
explain  the  lack  of  further  deatruction  of  the  vegetation  on  the  outwaah  plain  during 
this  episode. 

An  exceedingly  detailed  map  of  the  portion  of  the  moraine  and  outwash  plain  near 
Miles  Glacier  Station  was  made  by  the  railway  engineers.    It  has  a  contour  interval  of 
ft  feet  and  shorn  nnmeroua  diallow  kettlM  due  to  damping  of  ioe  IfM^^ 
the  outwaah  gravela  at  the  edge  of  the  nxnrahDe;  and  it  also  diows  some  of  the  abandoned 
rtmnm  ehamiria  leadiqg  aonthwcatwaid  toward  tiie  Copper  Biver.  A  oonqncnoiia 
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alMadoned  dMand  of  this  MiiM  hMds  in  tlie  air 

iog  that  the  Capper  River  has  undercut  its  sooth  bank  sinoe  this  smaD  stream  chaaad 

was  abandoned. 

History  of  Oscillations  of  Miles  Glacier — Advance  Before  1840.  Passing  over  the  cariy 
stage  when  Miles  Glacier  was  a  tributary  of  a  great  Copper  River  Glacier,  and  the 
legendary  stage  when  Miles  and  Childs  Glaciers  are  supposed  to  have  coalesced,  with 
Copper  River  flowing  underneath,  the  first  stage  of  which  we  have  knowledge  is  the  ex- 
paiiiMii  to  the  Inilbi^acieroQoditioii  some  time  M  Itisquitepooiibletiiaitli» 
cgqMnaaon  was  preceded  by  one  ol  ahiinkage  of  Bfiks  Glacier  bade  widun  its  meimtMi 
tsUqt,  and  that  it  expanded  into  a  trunk  valley  which  was  free  from  ioe.  The  asj'mme- 
trical  shape  of  the  bulb  suppests  that  ('hilds  Glacier  also  had  an  expanded  bulb,  for 
the  Miles  bulb  spread  2^  miles  up  the  main  valley  and,  so  far  as  we  know,  only  a  fifth  as 
far  dow^n  Copper  River  valley,  forming  a  striking  contrast  with  the  far  more  i^mmet- 
rical  bulb  of  Allen  Glacier  (Map  9). 

We  Imow  nothing  specific  as  to  the  date  of  this  eaq>ansion  to  tiie  preseot  bidb  fom 
csoepting  lliatt  (a)  Abercrombae's  iihotogniphs  prove  thai  it  took  place  befote  1881, 
Ob)  Grewingk's  desei!q»tion  (p.  416)  suggests  that  it  took  {dace  long  enough  before  1858 
for  vegetation  to  grow  on  the  ice,  and  (c)  the  ai^e  of  t  re<»s  trrowing  on  the  outwash  plaia 
pushes  the  date  back  to  some  time  previous  to  1840.    It  may  have  been  much  earlier. 

Slight  Recetsum  During  the  Eighties.  Maintenance  of  an  advanced  position  rather 
than  pronounced  reoessicni  is  the  impressive  feature  of  the  history  oi  Miles  Glacier  during 
the  time  of  tbe  visits  by  Abeicrombie  and  Allen.  The  northera  portion  of  Miks  Glacier 
bulbhasretreatedpraclacaDynooeinoverTOycamjand  the  southern  porti<m  also  main- 
tained its  advanced  position  for  a  time^  die  site  of  the  lake  basin  being  laifsly  filled  frith 
Racier  ice  until  verv  recently. 

Abercrombic's  mention  of  a  lake  basin  shows  that  there  had  been  some  recession  of 
the  southern  part  of  tiie  glacier  by  1884,  and  one  of  his  photographs,^  taken  from  a  point 
on  the  western  terminal  moraine  of  Miles  Glacier,  south  of  Grinndl  Glader»  proves  ttsft 
tiie  ice  cBff  had  retreated  to  the  point  where  the  largest  channel  of  Co|^»er  River  now 
enters  the  lake.  This  position  of  the  ice  front  represents  over  a  mile  of  eastward  reces- 
sion from  the  expanded  edge  of  the  bulb  at  the  southern  end  <rf  Abercrombie  Rapids. 
TTie  great  waves  in  the  stream  in  the  foreground  of  the  same  photograph  show  that  a 
main  channel  of  Copper  River  flowe<l  dt)wn  Chinaman  Slough  as  recently  as  1884.  That 
the  southern  margin  of  Miles  Glacier  was  not  severely  crcvassed  is  indicated  by  the  fsct 
tibit  Abercrombie  traveled  8  miles  upon  its  surface  in  August,  1884,  being  turned  badt 
by  the  crevasses  in  tiie  middle  of  the  ^ader  after  tiavdii^iip  its  sonthem  botder. 

In  1885  the  front  of  Miles  Glacier  still  filled  the  greater  part  of  the  present  kke  basin, 
as  is  indicated  by  Allen's  descriptions,  one  of  which  includes  the  specific  statement  '  that 
"the  most  southerly  point  of  the  .  .  (Miles  Glacier)  is  1  mile  Of  less  from  the 
most  northerly  point  of  the    .     .         (Childs  Glacier)." 

It  is  clear,  therefore,  that  while  there  was  slight  recession  of  the  southern  portion  of  the 
Ifiles  GladAr  Imlb  duiuig  the  eighties,  it  did  not  uncover  a  significant  part  of  the  present 
lake  basin.  AcompaiisoncfAbcrcnmibie*s  1884  photogrsph  of  the  northern  portion  sf 
Uie  bulb  with  our  photogr^di  from  the  same  site  shows  practical^  no  change  in  the  88 
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yeMi  iq»  to  1910,  ft  lemarkftUe  mftintennpft  fd  ft  itagwuit  ioe  oumb  due  to  the  piotective 
influence  of  ablation  moraine  ftiul  vesetfttlOII* 

Advance  Before  1888.  The  ages  of  trees  on  the  southern  terminal  moraine  and  in  the 
zone  of  thick  ablation  moraine  on  the  northern  lobe  make  it  dear  that  at  some  time  over 
£2  years  before  1910,  there  was  a  period  of  advance,  breaking  up  the  ice  on  the  northern 
bulb  to  whhiD  three  quartets  of  ft  mile  of  Ab^rombie  Rapids  and  building  the  southern 
tennhial  mondne.  That  this  took  pleoe  cfter  1884  end  1885  is  suggested  bgr  Aber> 
enmbSe's  photognq>h  and  Allen's  map  which,  thou|^  generalind,  shows  no  south- 
ward extension  d  the  bulb.  This  expansion  of  the  southern  margin  to  within  400  feet 
of  the  site  of  the  railway  bridao  clearly  rrmio  after  1885  and  before  1888,  and  may  have 
begun  in  the  former  year,  for  Allen's  majj  .shows  the  glacier  nearly  out  to  tlie  bridge  site. 
If  this  advance  occurred  in  1885  or  1886,  it  was  exceptionally  rapid,  since  in  1884,  Aber- 
donibie  was  able  to  travd  up  the  southern  nuu^gin  of  the  glacier,  and  in  April,  1885,  Allen 
noted  that  the  diift  graded  indisttnguishably  into  the  ioe  of  the  southern  edge  of  tiie 
Slaeier. 

Recession  Up  to  1908.  A  getu^ral  retreat  began  by  at  least  1888  and  had  progressed 
so  far  that  the  lake  was  about  a  mile  wide  at  the  time  of  Hayes*  visit  in  1891. 

The  5  or  6  mile  retreat  mentioned  by  Abercrorabie  on  his  second  visit  to  Miles  Glacier 
in  Ibiib  is  probably  an  exaggeration,  for  his  map  does  not  indicate  that  the  lake  was  over 
Amileinde.  This  niap  does  not  dkow  Ihe  details  as  well  as  Hayes' ooap  and  may  repre- 
sent the  eonditaon  in  1884  rather  tiian  that  in  1896.  TlMre  was  doubtless  marked  retreat, 
howvntt  by  1898. 

By  1900,  when  Schrader  and  Spencer  each  photographed  the  ice  front  on  different 
dates  in  October,  and  Witherspoon  made  his  map,  the  retreat  of  the  ice  cliff  had  been 
considerable.  A  careful  comparison  of  the  1900  photographs  with  the  conditions  in  1910 
indicated  that  the  ice  front  had  then  receded  so  far  that  the  lake  had  assumed  nearly  its 
pieeni  width,  that  is,  different  parts  of  the  i^aeierfirant  had  retreated  from  lltoSmHea 
from  the  weeteni  terminal  moraine  of  the  southern  part  el  the  bulb. 

From  1900  to  1907,  when  IVIoffit  visited  Bfiles  Glacier,  retreat  went  on  rapidly,  different 
portions  of  the  ice  cliff  melting  back  1700  to  8900  feet  during  the  7  years  interval.  This 
recession  was  carefully  determined  in  1910  in  two  ways.  First,  we  occupied  the  photo- 
graphic station.s  of  Sclirader  and  of  Moffit  witli  their  photographs  in  hand  and  made 
instrumental  observations  of  the  amount  of  recession,  by  projecting  the  glacier  termini 
against  the  mountain  wall  bdiind.  This  retreat  is  shown  graphically  on  the  photograph 
(PI.  CLX.Vill).  hang  marked  on  the  lobe  whidi  retreated  1700  feet  The  seeond 
methoil  of  determination  was  by  eooqMtting  maps  made  in  1900  by  the  Geological  Sur- 
vey and  in  1906  by  the  railway  engineers,  base<l  on  sur\'eys  in  1905  and  1906.  These 
maps  show  that  while  tlic  lobe  mentioned  above  was  retreating  1700  feet  during  the  6 
years  from  1900  to  1906,  another  lobe,  farther  south,  receded  nearly  3900  feet.  The 
larger  part  of  the  retreat  was  between  1905  and  1906. 

TliAt  there  was  additional  recession  «f  1880  feet  between  1006  and  1906  is  shown  by 
suMther  nuq>  el  the  railway  engineers.  Thepositionof  the  ioe  diff  at  this  stage  is  shown 
in  a  photograph  by  E.  A.  Hegg,  from  the  western  terminal  moraine. 

Advance  in  1909  and  1910.  The  change  from  retreat  to  advance  came  in  1909  and  1910 
when  there  was  a  forward  movement  of  over  4000  feet  along  one  of  the  lobes.  This  was 
<ietermined  with  acme  precision,  for  the  railway  engineers  mapped  the  whole  lake  front 
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of  the  glacier  in  1906  and  again  in  June,  1910.   On  one  {diotograph  of  iho  1010  ice  cBff 

from  Schrader's  site,  we  have  indicated  by  an  ink  line  the  amount  of  advance  between 
1907  and  1910.  This,  however,  shows  only  the  lobe  which  retreated  1700  feet  bet^seen 
1900  and  1907,  for  the  lobe  which  advanced  4000  feet  is  not  seen  in  the  picture  because 
it  is  hidden  behind  the  nearer  lobe,  having  retreated  farther  before  the  recent  advance. 

Tbece  was  dii^t  additioiial  advance  of  tlie  ioe  dill  in  the  lake  during  the  tame  d  oar 
visit  in  the  snnuner  of  1910,  ivhen  between  Jnne  and  August  the  advance  amoonted  t» 
too  feet.  The  sauthem  i^acier  mar^n  was  crevaaaed  and  advancing  in  August,  191<l^ 
and  the  northern  margin,  which  was  also  advancing  in  August,  1910,  showed  an  appn^ 
ciable  forward  movement  between  the  times  we  photograplied  it  in  1909  and  1910. 

The  retreat  from  1888  to  1908  and  the  subsequent  advance  arc  summarized  in  the 
following  table.  The  posdUaener  in  any  given  map  wouU  modify  these  amounts  oiity 


Table  Showing  Amounts  of  the  Most  Recent  Rsxbsat  and 
Advanck  of  Mij:j!:b  Glacikb 


DaU 

IXitaiM  Jrom  Siie 
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to  let  cm 

CHange 

m 

Mi 
Obtitr 

Amami 

Ba$ed  upon  Obmrm 

Uom  by 

After  1885  and  be- 

fore 1888 

400  feet 

Advance 

Henry  T.  Allen  ^ 

October, 

1900 

7,900  feet 

Retreat 

7,500  feet 

D.  C.  Witherspoon 

FaU, 

1005 

8,250  feet 

Retreat 

350  feet 

Railway  engineers 

1900 

11,880  feet 

Retieat 

S,6S0feet 

M  M 

SmnnMVf 

1906 

18^  feet 

Retieat 

1,020  feet 

M  M 

Jnne, 

1910 

9,500  feet 

Advance 

4,000  feet 

«  M 

August, 

1910 

9,400  feet 

Advance 

100  feet 

Martin 

Duiug  tiM  advance  in  1900  and  1910  the  form  of  the  ice  diff  changed  in  detail  (Fig. 
65),  though  it  is  reported  that  twice  as  many  icebergs  were  discharged  in  1908,  when  the  ' 
glacier  was  retreating,  us  in  1909,  when  it  advanced.*    One  remarkable  feature  was 
the  shifting  of  position  of  the  salient  ice  point.    There  were  also  pronounced  changes  in 
the  capes  and  coves  of  the  ice  cli£f  between  June  and  August,  1910. 

The  most  strikmg  change  was  the  detaching  of  huge  maaaes  bt>m  the  i^lacier,  one  near 
the  northern,  the  other  near  the  •onthem  margin  ef  the  iee  cliff,  lliese  were  not  ioeiMici 
but  large  areas  of  the  glacier  itself,  and  their  separation  from  a  gjaoier  lAidi  mm 
vancing  rather  than  retreating?  was  an  iirmsual  circumstance.  ' 

About  the  mi(l<ile  of  July,  1909,  a  section  of  Miles  Glacier  at  least  half  a  mile  square, 
became  separated  and  i.s  said  to  have  floated  out  into  the  lake,  where  the  ma.ss  collapsed 
and  broke  up  into  icebergs  which  completely  filled  the  lake.  This  was  near  the  aorthern 
end  of  the  iee  diff.  It  took  place  before  our  vint  in  1909  and  we  htewe  this  inf omation  | 

1  Date  1886  fran  Allen.  Date  1888  from  ages  of  tiixs  at  detennined  in  1910. 
•  BMBd  M  •  cooal  Iqr  A.  0^  Maioo  at  llw  iiliiiar  biidlge. 
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from  Mr.  A.  O.  JoiuHon.^  In  1010  flM  gqt  nuidtt  hj  tliis  ieo  hmm  was  still  visible  and 
■ear  h  thcce  was  •  btoad  yalky  apon  tlw  leader  fluiCftm 


Ra.  8fi.  Mat  Saoinm  AmrAircB  or  Icz  Curr  of  Miles  Gt^cTER  in  tttr  Lisa  Banmr  1806  aks  1010. 

(Compiled  from  iQap«  by  railway  en^neers.) 


^ndoally  to  a  10  to  15  foot  cliff  at  llie  water's  edge  instead  ol  fomnng  a  piecipitoiis 

tcrmmns  200  feet  high. 

The  cause  of  tliis  change  seems  to  go  back  to  the  winter  of  1909,  when  there  was  a 
flood  (Februarj-^  9  to  18),  during  which  Copper  River  rose  7  feet  higher  than  any  previous 

s  Femnal  commuiucatioii,  February  12, 1910. 
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MMid,  the  level  going  up  over  21  feet  above  normal  winter  level*  and  falling  rapidly 
again.  Johnson  states  that  the  water  came  from  beneath  Miles  Glacier  at  the  point 
where  the  ice  mass  floated  out  5  months  later,  and  that  "  from  the  time  of  the  break  the 
river  continued  to  rise  for  four  days,  was  stationary  one  day,  and  then  receded  at  about 
the  nme  rapidity  as  the  nae.  The  river  st  the  bridge  crossing  .  .  .  (bef ofe  tb» 
flood)  had  a  cioflo  oection  aiea  of  about  ten  thooaand  aquare  feet  and  an  Aveiage 
velodty  of  two  miles  per  boor,  but  during  the  hii^MBt  stage  of  the  river  the  cross  eection 
ana  was  about  forty  thousand  square  feet,  and  average  vdocity  ten  miles  per 
hour.  .    Considerable  ice  fell  from  the  face  of  the  glacier  at  the  point  of  the 

break  (hiring  the  flow,  but  not  until  the  middle  of  July  did  any  great  amount  break 
away — ut  which  time  a  section  at  least  one  half  mile  square,  caved,  floated  out  and 
oompletely  filled  the  hke>  whidi  covers  approiimatoly  Ave  aquave  nuks.** 

The  dinatic  leooid  kept  bgr  the  railway  engineen  at  Miles  Glader  bridge,  «iu(WB  no 
rainfall  at  or  before  the  time  of  the  flood  and  anfy  the  nofmal  increase  of  snowfall  for  that 
season  of  the  year.  There  were  fluctuations  in  temperature  before  the  flood  began  ea 
February  9,  but  from  the  middle  of  December  until  two  weeks  after  the  flood  the  maxi- 
mum temperature  was  not  above  the  freezing  point.  The  wind  velocity  did  not  increase 
abnormally  immediately  before  the  flood,  though  on  the  daj'  when  the  water  was  highest 
the  wind  blew  48  to  84  miles  an  hour  from  the  northeast  A  hx^  northeast  wind  in 
summer  would  drive  the  water  from  the  place  where  the  break  oecurred  to  the  ootfet  of 
the  lake  but  it  OOnld  not  have  caused  the  initiation  of  the  flood  in  Fdbiuaiy,  for  the  lake 
was  then  frozen  over,  and  the  flood  could  not  have  kept  up  unless  water  was  supplied 
from  outside.  The  meteorological  conditions,  therefore»  serai  to  have  had  tittle^  if  any- 
thing,  to  do  with  the  flood. 

Our  own  view  of  the  detaching  of  the  ice  mass  in  1909  is  that  it  was  not  neoeasariljr 
rdated  to  the  advance  or  retreat  of  the  ^ader  at  aUflmt  to  undermining  duriiig  the  Fd»- 
ruaiy  flood  which  may  have  been  caused  hj  the  draining  of  a  matgSnal  lake  bigtier  up 
Bfiles  Glacier.  A  similar  flood  on  August  16,  1012,  perhaps  from  the  draining  of  a 
marginal  lake,  swept  down  the  Copper  River  from  Miles  Glac-ier.  It  raided  the  water 
level  12  feet  at  the  railway  bridge  cast  of  Childs  Glacier  and,  20  miles  farther  south, 
swept  away  1600  feet  of  railway  trestle  east  of  flag  Point,  drowning  a  repair  crew 
foreman. 

A  second  event  of  similar  diaracteroocurved  during  the  summer  of  1910.  Atthtetime 
of  our  visit  in  1900  and  iq;»  to  Jun^  IWK  there  was  a  stagnant,  projecting  edge  of  Ides 

Glacier  which  clung  to  the  mountain  side  at  the  southern  end  of  the  ice  cliff  and  naetjed 
into  the  glacial  deposits  there.  Sometime  between  June  10  and  August  15,  1910,  a  sec- 
tion of  the  glacier,  measuring  over  an  eighth  of  a  mile  on  each  side,  floated  away,  leaving 
the  outer  stagnant  ice  as  a  detached  block,  800  by  1200  feet,  and  extending  up  the  moun- 
tain slope  to  a  height  of  175  to  200  feet  above  the  lake.  The  whole  of  this  stagnant  block 
was  ih^Uiyoovered  with  ablation  moraine^  and  it  Wis  liven  by  great  cracks.  To  the 
southward  it  merged  into  slumping  gravel  dcporits.  Since  the  southern  ioe  edge  was 
still  advancing  after  this  separation  took  place,  one  possible  method  by  which  the  separa- 
tion may  have  been  effected  is  the  shove  of  the  advancing  glacier  against  the  stagnant 
border  which  %s  as  clinging  to  the  mountain  side,  thus  placing  a  portion  of  it  in  such  un* 
stable  ecjiiiUbrium  that  it  broke  up. 
In  June,  1911,  Miles  Glacier  showed  no  appreciable  changes  since  the  previous  year. 
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In  inSt  Coner  ^  thought  that  it  had  advanced  veiy  slightly.  We  infer  from  this  that 
the  pciiod  of  activity  and  advance  which  began  in  the  fall  of  1906  or  Uw  qwing  of 
1909  was  nearly  or  quite  over  in  1911. 

Contrast  with  Adrance  of  Childs  Glacier.  The  advance  of  Miles  Glacier  in  1909  and  1910 
was  without  spectacular  features.  There  is  little  current  in  the  portion  of  the  lake  near 
theioediff.  The  kebeig  waves  attack  the  ioe(^Uttl«,  and  nielting  by  the  lake  watery 
thongh  undefcutting  the  ioe  cliff  aa  aali  water  does,  has  not  unden 
Glacier  as  rapidly  as  the  Co])per  River  mechanically  undeicats  the  Childs  Glacier.  The 
infrequency  of  iceberg  falls,  and  the  great  distance  for  the  sound  to  carry,  cause  persons 
who  traverse  the  Copper  River  railway  to  pay  little  attention  to  Miles  Glacier,  especially 
as  the  waves  from  it  nearly  (lisapi>ear  before  they  strike  the  shore  near  tlie  railway  bridge. 
This  is  why  the  pronounced  advance  of  Miles  Glacier  in  1909  and  1910  attracted  little 
attention  on  the  part  of  the  thousands  of  men  who  were  akmg  the  line  of  the  railway  and 
the  soores  who  were  fiving  near  the  railway  bridge  in  these  yean. 

The  rates  df  movement  during  the  advance  of  Miles  Glacier  were  not  measured.  If 
it  took  the  iriiole  two  years  (from  1006  to  1010)  for  the  ioe  front  to  move  forward  the 
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Tbe  bkdt  dot*  in  Um  luirimtal  Une  ■bowpodtioni  of  the  ioe  cUbia  the  jwn  iadieBtodt  the  advance  and 
Miswt  befemen  data  being  faidkatad  fagr  the  aiMWi  below. 

measured  4000  feet,  the  rate  of  motion  was  less  than  6  feet  a  day,  plus,  of  course,  what 
was  lost  through  iceberg  discharge.  From  June  to  August,  1910,  it  was  less  than  2  feet 
a  day.  In  any  event  it  is  clear  that  the  recent  advance  of  Miles  Glacier  was  of  a  mild 
sort,  compared  with  the  rapid  and  far  more  spasmodic  advance  of  Childs  Glacier  in  1910. 

We  have  reptesented  by  a  diagram  (Fig.  66)  the  idative  distanoes  ficom  IMaks  and 
Oiilds  GlacSers  to  tiie  railway  Inidge  at  several  times  in  their  reoent  histoiy,  sdecting 
the  bridge  as  the  point  of  measurement»  because  it  furnishes  a  convenient  common  point. 
It  is  clear  that  if  the  advance  of  the  great  Miles  Glacier  in  1909  and  1910  had  been  of 
the  same  order  of  magnitude  as  that  of  the  smaller  Childs  Glacier  in  the  latter  year,  the 
Miles  ice  front  would  easily  have  gone  out  to  or  beyoud  the  railway.  That  such  an  event 
is  possible  is  evident  from  the  advance  between  1885  and  1888,  which  took  the  ice  cliff 
(otritliiB'IOOfeetof  thesiteof  the  present  hridga* 

That  this  structure  could  not  be  placed  better  in  its  rdation  to  both  Miles  and  Childs 
GHacien»  is  dearly  indicated  by  the  advances  of  1888  and  1910.  The  facts  suggest  also 
that  a  possible  great  future  advance  of  Miles  Glacier  would  probably  be  short-lived. 
If  the  ice  expanded  again  to  the  southern  terminal  moraine,  the  glacial  streams  might 
tear  out  or  burj'  the  railway  grade  for  long  stretches  south  of  the  bridge,  but  the  deep 
lake  basin  and  the  present  channel  should  soon  dispose  of  most  of  the  water,  as  they  did 
•t  the  last  expansion.  Besides  posriUe  destraetiaii  of  the  bridge  during  an  advance, 

I  Goner,  Caleb.  Posonal  ciomi— ilceHoo.  September  SO,  lOlf. 
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there  is  also  a  possibility  of  a  aoathward  shiftiog  ol  the  river  bed»  nnuiiliiliint  the 
building  of  stnother  steel  span. 

From  the  point  of  view  of  tourists,  who  will  undoubtedly  make  increasing  use  of  the 
Copper  Biver  railway  in  the  future*  the  location  ia  ideal,  for  with  no  attendant  danger 
or  haiddiip.  they  can  be  carried  by  train  afanoat  up  to  the  fronts  of  two  vezy  grand  and 
actiTe  glaciers,  both  dearly  Tirible  from  the  train  windows. 

GnmnBLL  GiAcm 

General  Description,  This  ice  tongue  is  on  the  western  side  of  Copper  River  about 
half  way  between  Childa  and  Allen  Glaciers,  terminating  opposite  the  edge  of  MUes 
Glacier  at  the  aoafhem  end  ol  Aberciombie  Rapids.  It  rises  in  nnwplorod  siMmfieldi 
at  an  elevation  of  at  least  5000  or  0000  feet  (PL  CLXIX)  and  flows  soutlieaBtvaiii 
with  a  known  length  ol  something  more  than  4  miles.  It  is  over  three  quarters  of  a 
mile  wide  and  has  a  moderately  steep  slope.  The  surface  of  the  glacier  is  all  white,  ex- 
cept for  a  broad  lateral  moraine  on  the  southern  border,  a  narrow  medial  moraine  near 
the  northern  side,  and  an  extensive  area  of  outwash  gravel  and  ablation  moraine  cov« 
ering  the  terminus  (PL  CLXV). 

Xhe  real  tetnuniii  of  Grim^  Glader  b  in  the  Copper  Bivar 
of  Abercrombie  Rapids,  jnai  aouth  of  Camp  52  on  the  Copper  River  and  Northwestern 
Railway.  The  railway  runs  over  the  end  of  tbe  glacier  for  nearly  a  quarter  of  a  mile, 
but  the  terminal  hill  is  so  thickly  covered  with  ablation  moraine,  on  which  dense  thick- 
ets of  alder  and  cottonwood  have  grown,  that  this  portion  of  the  ice  tongue  does  not 
look  like  a  glacier. 

Tlie  aoadieni  portioii  of  llw  ^ader,  tenninatiiig  bat  tiuu  a  quarter  ndle  ireat  of  fke 
nihray,  is  also  heavily  oovered  with  ablation  moraine  and  forest,  which  grades  nortli- 
westward  to  a  barren  legion  of  thimier,aMatSon  moraine  and  to  clear  ieewi 

covering. 

The  northern  terminus  of  the  clear  ice,  which  seems  to  be  the  glacier  terminus,  but  is 
not,  ends  a  little  over  half  a  mile  northwest  ol  Camp  52,  on  the  railway.  From  it  a  stream 
flows  throu^  the  interior  flat  and  throu^  a  narrow  gorge  betwem  the  hi^  outer  portion 
of  the  Racier  and  the  mountainside^  to  Copper  River.  Another  stream,  eme^gfng  from 
tiie  southern  part  of  the  glacier  near  a  eon^Mcnons,  bare  rock  slope,  from  wfakk  the  iee 
is  completely  melted,  flows  southeastward  over  a  mile  to  the  Copper  River. 

Prerious  Observations.  This  glacier  was  mapped  by  Hayes  in  1891  *  and  Wither«?poon  in 
1900,^  when  it  was  also  phatof?raj)hed  by  Spencer  from  the  Miles  Glacier  portage.  It 
was  photographed  by  Moffit  in  1907  from  near  the  same  site  as  that  occupied  by  Spencer, 
and  was  sbown  upon  a  later  edition  (Fig.  68)  of  WiHienpooii's  map.*  V^Hiienpoon's 
original  map  (Fig.  58)  diowa  the  trader  more  aocuralely  than  the  later  ecfitioii  in  wiiidi 
the  forest-covered  terminus  of  the  glacier  is  omitted.  Hayes'  ma])  is  more  like  the  later 
edition  of  Withenpoon'a  but  it  has  the  name  moroma  printed  between  the  glacier 

<  Unpubluhcd  map. 

•PI.  II,  facini;  p.  28,  in  Schrader  and  Spencer's  Gcolop>'  and  Mineral  Reflourcra  of  a  PflltMNIcl  tha  Gsvpv 
River  Begion,  Alaaka,  Uouae  Doc.  £46,  56lh  Coogreas,  iad  beasioo,  VVaaiuagtoo,  1901. 
•Fl.  I  la  BdL  87^  U.  8.  Gsd.  Samgr.  liW. 
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tenninus  and  the  river,  though  without  suggestion  whether  this  moraine  was  underlain 

by  ice  or  not.   Hayes  does  not  mentioa  this  glacier  in  the  text. 
Botk  Spenoei^i  and  Moffit's  photographs  Aaw  ckuly  tluit  tli«  lUgnaat  outer  portion 

llMl•fanooteIW!t|yth»M^l«Idatioo^lliIMm  In 

1900  and  ensidng  yoan  inddental  observations  of  Grinnell  Glacier  were  made  by  the 

railway  engineers,  who  named  this  ice  tongue.    In  1909  two  important  photogn^kht 

of  Grinnell  Glacier  were  taken  by  E,  A.  Hegg  of  Cordova. 
In  1909  we  saw  Grinnell  Glacier  in  passing,  but  gave  no  time  to  its  study.    In  August, 

1910*  and  in  June,  1911,  four  days  were  devoted  by  the  junior  author  to  its  examination. 
Cma^i»9  leB  Tmigu*.  The  snowfiekb  of  Grinndl  Glader  aie  not  viaibk  from  it* 

Imnt  portion,  bnt  the  abnqpt  topognqphy  soggesta  that  they  oocopy  a  aeriea  of  deep 
l^acial  drques.   There  are  at  least  three  important  tributaries.   The  clear  ice  teminatoi 

in  two  minor  lobes.    Most  of  the  clear  ice  portion  of  the  glacier  thai  we  have  seen,  pho* 

tographcd,  or  mapped,  is  cascading  down  a  moderate  slope  and  is  severely  crevassed. 
The  highest  point  on  tlie  glacier  whose  elevation  we  determined  is  2000  feet  above  sea 
lord  or  1500  feet  above  the  terminus  of  the  clear  ice,  the  slope  here  being  at  the  rate  of 
mm\]/  8000  feet  to  the  rnfle.  Hif^lier  portkos  of  the  ke  tongae  near  the  anowfidd  have 
even  ■teq>er  alflpes,  but  m  an  mteimediate  portion  aboive  the  2000  foot  CO 
of  the  glacier  flattens  somewhat.  This  cascading  terminus  is  interrupted  as  the  result 
of  a  discordance  of  over  2000  feet  bet  ween  the  gra<Ies  of  Grinnell  and  Copper  River  valleys. 
The  glacier  still  occupies  its  hanging  valley  and  expands  slightly  in  the  moraine-covered 
terminus  at  its  base.  The  thinness  of  the  ice  on  the  hanging  valley  hp  is  shown  by  the 
bare  rock  slope  between  the  northern  and  louthem  lobes. 

The  moimtain  ▼aUej  oociqiied  by  the  ^ader  is  earoeptionally  atecp^nded,  and  also 
lihoae  of  two  detadied  tifimtaiy  gladen  on  the  northern  waU.  Theae  hanging  glaeieca 
now  terminate  2300  and  3200  feet  above  sea  levd  and  their  slopes  are  over  2800  feet  to 
the  mile.  Just  east  of  these  hanpinp  jrlaciers  the  northern  valley  wall  siopes  at  the  rate 
of  over  6300  feet  to  the  mile  but  tlic  southern  wall  is  not  .so  steep. 

Stagnant  Southern  Lobe.  The  soutlieru  lobe  of  the  clear  ice  grades  eastward  through  a 
aone  of  barren,  thin,  ablation  moraine  to  a  zone  of  thick  ablation  moraine,  which  mantles 

the  k«  so  oonqiletely  that  it  supports  vegeUtionvliidienlardy  The 
end  of  the  lobe  does  not  look  at  all  like  a  glacier  and  would  not  be  known  to  be  underlain 

by  ioe  were  it  not  for  occasional  slumping  of  the  surface  in  the  forested  aone,  and  the 
exposed  northwest*fadng  slope  of  blade  ice,  studded  with  bowlders,  in  the  sone  of  barren 

moraine. 

Forested  Hill  at  Termirms.  Grinnell  Glacier  terminates  in  a  forested  hill  (Fig.  67), 
which  ire  bdieve  to  he  wholly  composed  of  Ioe.  This  bdicf  is  based  upon  the  fact  that 
here  and  there  in  this  outer  portion  are  areas  of  slumping  where  trees  are  bdng  over- 
turned, hi  several  places,  a  whole  steep  slope  has  lost  all  its  v^etation  by  the  slumping 
attendant  upon  melting  of  the  ice  beneath.  Tlu-  '  liiT  facing  the  edge  <rf  the  intef&ir 
flat  at  a  number  of  points  sliows  dark  ice,  filled  willi  bowlders.  At  one  locality  near 
the  northern  edge  the  thickness  of  the  ice  revealed  is  SO  to  35  feet,  above  which  are 
about  2  or  3  feet  of  morainic  material  in  which  shrubs  are  growing  (PI.  CLXVII,  B). 
Throughout  the  tenninal  h3I  of  monmie-ooverad  ioe  there  are  a  great  many  areaa  of 
recent  dumping  and  of  emergence  of  water.  The  shrubs  growing  on  the  high  outer 
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portion  of  the  glacier  cover  the  whole  surface  thickly,  except  in  areas  of  slumping.  They 
include  alders  at  least  18  years  of  age. 

The  terminal  hill  rises  from  the  water's  edge  in  Copper  River  in  a  steep  slo{>e,  west  of 
which  there  is  a  long  gradual  ascent  to  an  elevation  of  about  400  feet  and  a  steep  descent 
over  a  westward-facing  cliff  to  the  interior  flat. 

Much  of  the  morainic  material  covering  the  ice  of  the  terminal  hill  is  angular  and  the 
bowlders  are  exceptionally  large.  They  include  many  rock  masses  12  to  20  feet  on 
a  side.  Some  of  these  huge  rock  masses  in  the  railway  cut  on  the  eastern  edge  of  the 
glacier  are  so  large  that  they  lead  to  the  impression  that  they  are  rock  ledges  in  place. 
This  is  not  the  case,  however,  as  was  ascertained  by  careful  study  in  1910.  None  of 
the  other  glaciers  of  the  lower  Copper  River  are  encumbered  with  such  large  debris, 
except  the  western  terminus  of  Miles  Glacier  at  Abercrombie  Rapids.  This  may 
possibly  be  explained  by  the  exceedingly  steep  walls  of  the  valley  of  Grinnell  Glacier, 


■  ^        ■  ^  I  —J  1  1 

FiQ.  67.   Natural  Scaxa  Loxqitudinal  Sbction  or  Grinnbll  Glaoer  in  1910. 


upon  which  avalanches  should  be  prevalent.  As  such  coarse  material  is  not  found  in 
the  present  lateral  moraines  of  the  cascading  portion  of  Grinnell  Glacier,  however,  it  may 
be  that  tlie  coarse  angular  debris  was  avalanched  down  upon  the  Grinnell  Glacier  during 
some  great  earthquake  in  the  past  and  carried  forward  to  the  terminal  bulb  in  the  sub- 
sequent advance  of  the  glacier. 

The  Interior  Fled.  Between  the  terminal  hill  and  the  cascading  portion  of  Grinnell 
Glacier  is  an  interior  flat  (PI.  CLXIX)  between  a  quarter  and  a  half  mile  square.  Its 
surface  is  covered  with  ablation  moraine  and  outwash  gravel,  overlying  the  ice,  which 
is  nowhere  exposed.  As  Fig.  67  shows,  the  expanded  part  of  Grinnell  Glacier  may 
possibly  constitute  a  detached  ice  block,  although  it  seems  more  likely  that  the  ice  is 
continuous  beneath  the  ablation  moraine  and  outwash,  for  areas  of  slumping  are  found 
here  and  there  between  the  terminal  hill  and  the  clean  ice  of  the  cascading  portion  of  the 
glacier. 

The  interior  flat  consists  of  three  different  portions.  In  the  middle  is  a  broad,  low 
ridge  of  irregular  ablation  moraine.  On  each  side  of  this  are  alluvial  fans  of  outwa^ 
gravels. 

The  medial  ridge  rises  50  to  100  feet  above  the  flanking  alluvial  fans.  Its  surface  is 
made  up  of  angular  ablation  moraine;  tlie  bowlders  being  decidedly  smaller  than  in  tlie 
terminal  hill.  The  water  which  oozes  out  here  and  there  shows  that  ice  underlies  the 
moraine  at  no  great  depth.  Compared  with  the  terminal  hill  this  portion  of  the  interior 
flat  is  comparatively  barren,  but  small  scattered  shrubs  are  growing  upon  different  por- 
tions of  the  surface.    None  of  them  are  as  old  as  those  on  the  terminal  hill. 

North  of  this  medial  ridge  is  a  detached  ice  block,  which  lies  upon  the  northern  valley 
wall.  It  is  separated  from  the  medial  ridge  by  outwash  gravels.  Its  surface  is  completely 
mantled  by  ablation  moraine  upon  which  a  few  small  shrubs  are  growing. 
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Hm  remainder  of  the  iDtcrior  flat  ia  maaded  with  outwaah  grnvds  sopplied  by  three 

main  glacial  streams,  one  north  and  one  south  of  the  medial  ridge  and  one  between 
which  flows  into  a  subglacial  channd  beneath  the  ice  of  the  terminal  hiU.  These 
gravel  surfaces  are  almast  entirely  barren.  Practically  all  of  the  northern  area  of  outwash 
is  within  the  interior  flat,  altliough  the  stream  cuts  tlirough  the  terminal  hill  in  a  narrow, 
steep-sided  gorge  which  ends  at  Camp  52  on  the  railway.  The  southern  and  larger 
area  cf  imtwaah  granreb  also  eKtendi  outnde  the  interior  flat  and  ia  oonlanuoiis  wl^  a 
luge  aDavial  ian  aoutheart  of  the  Racier.  This  itream  emeigei  from  the  interior  flat 
in  aeonatriction  between  the  temdnal  hill  and  the  stagnant  southern  lobe  of  the  glader. 
These  outwash  gravel  fans  slope  at  the  rate  of  400  to  900  feet  to  the  mile. 

Rfcrni  History  of  Grinnell  Glacier.  The  first  stage  in  the  recent  histon,-  of  Crinnell 
Glacier  of  which  record  is  preserved  is  a  time  of  sufficient  expansion  so  that  lateral  mo- 
raine terraces  were  built  on  the  valley  sides  several  hundred  feet  above  the  present  glacier. 
Wtlih  this  augmented  thickneea  the  Racier  would  naturally  have  extended  ali^tly  farther 
Into  the  Copper  Biver  TaUey  than  at  pieient.  THiether  it  then  waa  a  trifautaiy  ol  the 
tiunk  glacier  of  the  Copper  River  valley  or  merely  touched  the  distal  portion  of  the  move 
powerful  Miles  Glacier  cannot  be  determined.  The  relationships  of  the  stagnant  mo- 
raine-covered termini  of  Grinnell  and  Miles  Glaciers  (Pi.  CLXV),  make  it  clear  that  at 
some  stage  in  the  last  period  of  great  expansion  these  ice  tongues,  whose  termini  are  still 
within  500  feet  of  each  other,  must  have  coalesoed,  the  Copper  River  flowing  beneath  the 
ioe  or  elae  maintainhig  a  diannd  between  the  two  ioe  tonguee.  lliia  latter  would  be 
peerihle  If  tiie  advances  of  Grinnell  and  Milee  Glaciers  were  not  flynchnmoua^  but  the 
density  and  age  of  the  vegetation  on  the  two  tennini  suggest  that  they  were. 

From  1891  to  1907  the  Griimell  Glacier  is  not  known  to  have  changed  appreciably. 
The  photographs  by  Spencer  and  Moffit  show  no  marked  differences  from  the  glacier  of 
1910.  In  1900  there  was  a  forested  terminal  hill  and  an  interior  flat.  The  age  of  trees 
OB  ^  tonnmal  hlU  suggests  that  the  last  gieat  cacpaniion  may  have  oome  ahMtly  belon 
ISMbfuttheobaervationsof  Hayes  in  1801  and  of  Abeieronibie  and  Allen  in  1884  and 
1885  fnrnisTi  no  details  as  to  the  previous  omditlonB. 

Mr.  E.  C.  Hawkins  informs  us  that  in  the  autumn  of  1907  there  were  great  slides  of 
morainic  material  from  the  terminal  hill  of  Grinnell  Glacier  near  Camp  6%  and  that  a  new 
stream  api>eared  at  that  time. 

A  slight  advance  has  been  in  progress  from  some  time  before  1907.  This  affects 
only  the  termnuia  of  the  cascading  portion  of  the  glacier.  A  comparison  of  the  phot«>- 
graph  by  Spencer  in  1000  with  one  by  MdBt  in  1907  indicates  that  a  small  area  of 
the  slope  of  have  rock  in  the  middle  of  the  cascading  terminus  was  covered  by  the  ioe 
between  1900  and  1907.  This  advance  may  have  continued  ever  since,  or  it  may  have 
ceased  and  a  new  period  of  advance  stiirted.  for  there  was  distinct  minor  advance  from 
1909  to  1911.  Comparison  of  a  1909  pliotograpli  by  E.  A.  Hegg,  with  the  glacier  ter- 
minus  1010  showed  marked  advance.  This  continued  at  least  up  to  June,  1911.  It 
neamed  to  be  at  a  veiy  alow  rate  and  in  the  two  yean  of  our  own  obaervaticnia  did  not 
esoeed  one  or  two  hundred  feet  That  there  has  been  distinct  f<nward  movment  and 
that  it  was  in  progress  at  the  times  of  our  visits  was  certain.  In  1910  wiUows  and  alikts 
up  to  8  years  of  age  were  being  overwhelmed  by  the  advance  of  the  ice  margin.  In  June, 
1911,  the  continuation  of  fors\-ard  movement  during  the  previous  ^^-inter  was  shown  by  a 
series  of  snow  arches,  pushed  up  parallel  to  the  edge  of  the  glacier,  and  by  the  fact  that. 
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where  the  snow  had  BMlted  tcmy,  tb«  advandog  ioa  was  onsMag  jwmg  tbnim  wlich 
had  budded  in  the  season  of  1911.  Thflie  leamed  to  be  no  tandencj  to  break  up  tta 

buried  ice  in  the  interior  flat. 

At  the  glacier  margin  a  low  terminal  moraine  was  being  pushed  along  in  front  of  the 
glacier,  the  slope  of  which  at  the  end  is  30°  to  35°.  That  the  forward  movement  was 
cnseedingly  slow  was  Aawn.  hj  tiie  laet  that  this  tenninal  moraine  did  not  have  the 
Aapeof  apqAiii(>eaiae,aaatC?olunibiaGtoc^  Tide  waa  be- 

cause a  very  amatt  amount  of  outwaah  gimvel  was  being  ploughed  up  by  the  slowfjr* 
advancing  ice  compared  with  the  larger  amount  of  moraine  which  was  sliding  down  from 
the  surface  of  the  glacier.  The  ice  front  was  moderately  crevassed,  but  the  ice  was  rather 
dirty,  basal  ice  with  much  detritus,  whi.-h  was  being  released  by  melting  so  that  it 
was  continually  sliding  down  the  ice  front  to  tlie  talus  moraine.  In  places  numerous  ice 
blocka  from  crevaaMd  phmarina  had  rolled  down  the  frontal  slope  of  the  glader  and  lej 
on  and  in  front  of  the  tenninal  BMcaine. 

RelaUon  of  Glader  to  Railway.  The  advance  of  Grinnell  Glacier,  in  1910-1911,  and 
possiblyl919,  might  conceivably  block  the  Chopper  River  and  Northwestern  Railway,  if 
the  movement  should  continue  long  enough  to  break  up  the  stagnant  outer  ice  mass 
of  tiie  forested  terminal  Iiill  and  cause  it  to  become  crevassed,  even  if  the  glacier  did  not 
advance  further  into  the  river.  This  would  make  it  impossible  to  operate  the  upper 
150  milea  of  the  xaihoad,  for  the  email  Grinnell  Glacier,  located  at  the  lower  end  of 
Abereromlne  Baindfl,  faolda  the  ke^  to  tlie  Faihoad  Situation  from  thia  point  north- 
ward, particularly  as  the  eastern  bank  of  the  Copper  River  in  this  portion  (PI.  CLXV) 
is  also  a  glacier,  over  which  the  building  of  a  railroad  would  be  verj'  difficult  and  would 
involve  at  least  two  expensive  bridges.  The  Grinnell  Glacier  is  small,  however,  and 
the  interior  flat  of  moderate  size,  so  that  it  would  take  a  rather  strong  advance  to 
disturb  conditions  in  the  outer  part  of  the  glacier  whore  the  railway  crosses  it  and 
where  practioalbr  all  the  ioe  seems  to  have  melted  out  from  beneath  the  preeent  ndhmj 
jthoni^  preeent  a  aoore  or  ao  of  feet  from  it. 
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ALLEN  GLACIER  AND  OTHER  ICE  TONGUES  OF  THE  COPPER  RIVER 

CANYON 

The  Canyon  and  Its  Glaciers 

The  canyon  by  which  the  Copper  River  crosses  the  Chiij?ach  Range  has  a  length  of 
100  miles.  Two-thirds  of  this  is  north  of  Allen  Glacier.  In  this  portion  its  width  varies 
from  one  to  three  miles.  The  valley  walls  rise  to  heights  of  5000  to  7000  feet.  Two 
laijge  riven  join  tiie  Copper  dboat  hatf  way  through  thM 

ooming  in  fwm  the  eait  and  TasDmut  River  from  the  west.  These  tribntaiy  vallegrs  are 

of  greater  ^idth  than  the  trunk  valley,  but  Copper  River  is  of  much  greater  velmue  than 
dther  of  its  affluents.  In  the  Copper  River  valley  south  of  the  Bremner  and  Tasnuna 
rivers  are  Allen,  Heney  and  several  smaller  glaciers.  North  of  them  the  valley  walls 
have  a  number  of  much  smaller  ice  tongues.  Allen  Glacier,  tlie  first  to  be  described  in 
this  chapter  (Fig.  68),  is  immediately  north  of  and  close  to  Miles  Glacier  (Map  9,  in 
podoel;)* 

Allen  Glacier 

Name  of  Glacier.  No  name  was  given  this  glacier  by  any  of  the  Russian  explorers  or 
by  Allen,  who  recognized  it  as  an  ice  tongue  in  1885,  but  who  named  the  }>ortion  of  Cop- 
per River  directly  east  of  it  Baird  Canyon.'  Hayes  applied  no  name  to  the  glacier  in 
1891,  nor  did  Abercrombie  in  1898,  and  it  does  not  appear  on  the  1898  map  by  Mahlo. 
Id  IMO  ymbenpoon  ^ipUed  the  aeme  name  to  H  aa  Hie  canyon,'  and  me  haw  need 
\m  mmp  and  this  name  in  our  prdiminaiy  deeeription.*  There  are  three  other  Baird 
Glaciers  in  Alaska,  however,  one  on  White  Faas,  named  by  Schwatka  in  1883  two  years 
before  Allen  named  Baird  Canyon,  the  second  in  southeastern  Alaska  on  Frederick 
Sound,  named  by  Thomas  in  1887,  and  the  third  east  of  Valdez,  named  by  Schrader  in 
1898.  A  new  name  has,  tlierefore,  been  det^larcd  necessary  by  the  U.  S.  Geographic 
Board.  It  is  proposed  to  use  Allen,^  after  the  intrepid  explorer  who  was  one  of  the  first 

Qmtml  Dtteriptitm.  AUen  GUder  comes  from  unexp]<»ed  anonrfidds  in  the  Chugadi 

Mountains  west  of  Copper  River,  having  a  known  length  of  over  5  miles,  althou^  un- 

doubte<11y  it  is  longer,  probably  at  least  15  or  20  miles  in  all.  Its  valley  portion  is  a  mile 
and  three  quarters  wide.  It  has  clear  ice  in  its  valley  and  there  are  few  moraines  on  its 
surface.  It  flows  eastward  into  the  Copper  River  valley,  expanding  into  a  bulb  five  miles 

I  Expedition  to  the  Copper,  Tanana,  and  Ko>-tikuk  Riven^  WMhtDgtOB,  1887*  Map  t;  NaimtlTCSof  Eiplo* 
cationa  in  Alaska,  Waaliingtoo,  1900,  map  facing  p.  4S4. 
>HoawDee.5ie>WthCa^wi»iadBsMifl^l90»Ptn;BsiLiy4P.S.GscLasws^^ 
•  Tarr.  R.8.aadllvtb.  Lawrence,  Xat.GMi.        •  VoLXZ^  ltlOlSMpsap.tt. 
«Tlikwlfi|DtB«i7  T.  AJkn,  Sth  Cvnkr»  Lmted  Stalv  Angr. 
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vide  in  a  north-south  direction  (PI,  CLXXIV),  and  spreading  eastward  completely 
across  the  valley,  a  distance  of  over  three  and  a  half  miles.  By  this  expanded  glacier 
bulb  Copper  River  is  forced  over  against  the  eastern  wall  of  the  valley,  just  as  it  is  forced 
to  the  western  wall  immediately  below  by  the  ice  bulb  of  Miles  Glacier.  Opposite  the  end 
of  the  expanded  glacier  the  stream  is  narrowed  (Baird  Canyon)  and  the  current  quickened, 
although  there  are  no  true  rapids,  and  steamboats  navigated  this  part  of  Copper  River 
in  1909.  The  central  part  of  the  bulb  is  made  up  of  clear  ice  and  is  lower  than  the  eastern 


Fio.  68.   Allen  Glacier  and  Its  Rslationships  to  the  Aojacent  Ice  Tongues. 

(After  D.  C.  Witherspoon,  U.  S.  Geol.  Survey;  the  map  first  made  in  1000  and  republiahed  with  modifica- 
tions in  1906.) 

part,  which  is  moraine-covered  and  clothed  with  vegetation.  Copper  River  sweeps 
around  the  entire  eastern  and  southern  peripheries  of  the  glacier,  but  on  the  northern 
side  there  is  a  large  alluvial  fan  and  a  smaller  one  on  the  south  side,  separating  the  river 
and  glacier.  A  rocky  hill  600  feet  high,  rises  out  of  the  northern  fan,  and  above  it  the 
river  is  broadened  into  a  lake-like  expanse. 

Observations  Previous  to  1909.  The  Russians  do  not  seem  to  have  recognized  this  as 
a  glacier,  unless  Gre\iingk  also  alludes  to  it  as  the  "ice  covered  innth  earth, "  thought  by 
us  to  refer  to  Miles  Glacier.  Abercrombie  does  not  mention  seeing  the  glacier  in  his 
1884  exploration. 
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AOen  does  not  flhtfw  the  glider  on  hif  1885  map  upon  irideh  he  nsmed  Baiid  Canyon, 
biitMgrsintiieteBrt,*th«tott  Apifl4, 1885,  ''the  camp  aft  Bend's  Cangronvss  at  the  foot 

of  a  vegetation-oovemd  Racier  which  extended  along  the  river  for  6  or  7  miles.  A  short 
distance  above  tlio  canyon  the  width  of  the  river  is  two  miles,  with  two  small  streams 
emptying  into  it  on  the  east  side.  Tliis  widened  part  or  lake  extends  about  6  miles. " 

In  August,  1891,  Hayes  made  the  sketch  map  showing  Allen  Glacier,  with  "wooded 
moraine"  on  the  terminus  and  the  "shallow"  lake  above  with  "mud  flats"  ;  but  he  does 
not  mention  it  in  tiie  text. 

hk  October,  1888,  Aberetombie  speaks  of  the  Copper  Rhm  winding  "ammd  the  glacial 
obstruction"  of  the  "burger  wmamed  glacier,"  below  which  is  Miles  Glacier  "likewise 
covered"  with  moraine  and  vegetation.*  Guide  Rafferty '  in  July,  1898,  says  "At  the 
upper  end  of  liaird's  Canyon  is  a  good-sized  terminal  moraine,  l)ack  of  which  I  supposed 
was  a  "d^  ing"  glacier.  Baird  s  Canyon  was  found  to  be  a  very  smooth  piece  of  water, 
tiie  river  nsnowing  down  fram  the  wide  bay  to  n  £sw  hundnd  feet  ^ 

Withenpoon*8map,  made  in  October,  1900  *  (PL  CI^XXIX)  shows  Allen  Glacier  mneh 
as  now  except  that  the  eastern,  moraine«eovered  portion  of  the  bulb  is  not  shown  as 
part  of  the  glacier  but  as  a  600  foot  hill  between  two  forks  of  the  glacier,  which  is  made 
to  bifurcate  where  it  emerges  from  its  mountain  valley.  This  is  surely  not  a  change  in 
condition  but  an  error  in  observation,  due  to  failure  to  recognize  an  aider-bearing, 
moraine-covered  glacier. 

In  sammuy  ol  the  observntions  horn  1885  to  1900,  tiiera  seems  to  be  no  essentiiJ 
dungs;  nor  had  there  been  any  up  to  the  time  when  the  xailwnj  sonrcisrs  ^ 
discovered  ioe  all  along  their  5§  miles  of  railway  grade  on  the  f^acier.  The  bulb  of  Allm 
Glacier  seems,  therefore,  to  have  been  stagnant,  moraine-veneered,  and  vegetation- 
covered  throughout  the  period  of  visits  by  white  men. 

Our  own  studies  of  Allen  Glacier  were  made  by  both  of  the  authors  for  half  a  day  in 
August,  1909,'  and  by  the  junior  author  '  between  August  24  and  27, 1910,  when  the 
eontour  map  d  Allen  Glacisr  was  made  (Map  9).  We  also  saw  Allen  Gkcitt  in  passing 
onJuIy4,19n. 

Valley  Glacier.  Allen  Glacier  flows  from  snowfieUs  (PI.  CLXX)  in  the  port  ion  of  the 
Chugach  Mountains  west  of  the  Copper  River  and  north  of  Mt.  Williams  ^  and  other 
peaks  at  least  0000  to  700U  feet  high.  Within  its  mountain  valley  the  glacier  is  a  clean, 
moderately-crevassed  ice  tongue  with  a  grade  of  500  feet  to  the  mile.  On  the  northern 
side  Is  a  small  lateral  moraine  and  there  is  a  mudi  larger  one  extended  along  the  southon 

1  Allen,  H.  T.,  Expr<)itinn  to  the  Copper,  TanAna.  nn<l  Kov  iikuk  BiTcn^  WuhiagbOiW  1B87,  pp.  48-44; 
Kairatives  of  E]q>k>ratioas  in  Alaska.  Wasiungton,  1900,  pp.  42^. 

•  AbaNramliie^  W.  R..  Rflpovtaof  E^pkntkoiiadMTBRitMyof  Ahika,  1808^  War  Dept.,  Adj.^i«n.Ofiai^ 
Ko.  XXV,  \Vai<hiDgton,  1899,  p.  880;  alMbNumtimofB]QloiatioDibAluki,WadiingliMi,1808.. 

■  fiaffertjr,  J.  J.,  Som^,  p.  449. 

•  HoueDoa.      t»&  Congress.  9aA  9mAm  1010,  Fl.  I;  abo  BaB.  874.  U.  8.  Gadl.SnffTCgr*       TBI  I. 

•  Tarr.  R.  S.  mi  Mart  in.  Lawn  [i<  <•,  Nat  G«og.  Mag..  Vol.  XXI.  1»10,  pp.  14,  25, 27-88. 

•  Martin,  Lawrence,  The  Nutiuual  Geographic  Society  Researches  in  .\Iaska,  Nat.  Geog.  Mag..  Vol.  XXII, 
1011,  p.  £41;  Mastcriog  the  Alaskan  Glacier  Barriers,  Sdeatific  American  Sun>Iement,  Vol.  LXXI.  1911, 
ppt.  808-887;  detsdwruDitrmdiungea  liagi  dcr  Xirte  voa  Aluha,  JftHmuum  Geof .  IfittflOagea,  Mumg 
1912.  Augustheft.  p.  78i  TM  8  sad  Ui  Chcmia  da  F«  nrGlMiBrdiMrAlMka.  UNatONt  Vd.  41. 
1918,  pp.  404-407. 

9  NasMd  fa  mo  lor  Mr.  AJfced  Wiilhrn^  ■■hhwt  n^utr  <f  Hm  Coppm  Bhwr  and  NortUw  wlwn  Baihmy. 
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tain  valley  it  swings  across  into  the  middle  of  the  glacier  with  a  shape  like  a  fishhook. 
At  the  mouth  of  the  mountain  valley  the  glacier  grade  is  steepened  slightly  and  the  ice 
is  more  crevassed  tlian  in  the  piedmont  buib.  This  may  be  interpreted  as  evideooe  that 
Allen  Glacier  is  in  a  hanging  valley. 

The  Allen  Glacier  Bulb.  While  within  its  mountain  valley  the  glacier  has  a  width  of 
Mily  a  mile  and  thiee  qnarten  to  two  miki»  it  OEpandi  in  tJieluoad  Copper  Bivw  iraflqf 
fonning  a  bulb  fire  mike  wide  (R  GLXXIV),  with  a  grade  wbidi  flattens  to  18D  ieet 
to  the  mile.  Hie  medial  moiaine  and  the  southern  lateral,  qaveading  oat  in  this  pied- 
mont bulb,  cover  the  southern  part  of  the  glacier  witli  a  veneer  of  moraine;  but  the 
nortlicrn  part  of  the  bulb,  for  a  width  of  a  mile  and  a  half  consists  of  alniost-uncrcvassed 
ice  with  practically  no  moraine  covering.  Here  a  few  ice  cones,  with  protecting  moraine 
veneer,  stand  above  the  general  levd,  as  they  also  do  near  the  center  of  the  glacier  at 
the  margin  of  the  clear  ice  area.  The  northern  margin  of  the  bulb  has  eemal  medial 
moiainee  and  a  hummodgr  lateral  moraine.  These  are  all  made  up  of  black  shale, 
greenstone,  and  graywacke,  except  one  of  yellow  granite,  and  their  prevailing  dark  color 
forms  a  striking  contrast  with  the  red  moraines  of  the  southern  border.  On  the  noYth 
much  less  of  the  margin  of  the  bulb  is  moraine-covered.  On  each  margin  of  the  bulb 
dose  to  the  debouchure  of  the  valley  glacier  there  us  a  narrow  barren  zone  of  naked 
lock, 

TluTennMHiU,  Bastof thisdearkseaKa.andiisii«toahdgfatoralittlelees1iMn 

500  feet,  is  a  wooded  hill  zone,  which  extends  bom  the  zone  of  barren  ablation  moraine 
about  a  mile  eastward  to  the  river.  This  terminal  hill  is  the  extension  of  the  glacier  hn]h ; 
although  it  does  not  look  like  a  glacier,  it  is  everj'where  underlain  by  ice.  Its  highest 
part  is  ncarchit  the  clear  ice,  from  which  it  is  s<"parated  by  an  abrupt  crescentic  escarp- 
ment facing  the  glacier.  The  undulating  eastern  slope  is  a  long  gentle  descent  to  the  edge 
of  the  maiginaldiannel  of  Copper  Biyor  in  Baiid  Canyon.  This  eur&oe  ie  ndicr  hnra- 
modky  and  is  ahmqwig  here  mid  there^  so  that  sections  rrpomng  bare  ioe^  beneath  abla- 
tion moraine  and  beneath  a  tangle  of  roots,  an  frequently  revealed.  Ice  wae  aeem  ii 
several  places  along  the  river  bank  in  August,  1800,  and  many  o^MT  eapoaowB  wtn 
seen  when  the  railway  was  being  constructed. 

There  arc  valleys  cut  in  the  moraine-covered  glacier  margin  all  along  its  outer  per- 
iphery, in  one  case  with  a  comiiderable  ba^in  holding  a  lake  and  doubtless  due  more  to 
mdting  and  sfaunping  than  to  straam  eutting> 

Uptm  this  stagnant,  mi»dne-ooverod  outer  portion  of  the  bulb  grows  a  dense,  eontiBn- 
ous,  mature,  alder  thicket,  vath.  seatteiod  cottonwoods  near  the  nver.  The  annual 
rings  in  several  of  the  largest  alders  were  counted  in  1910  and  the  ages  varied  from  50  to 
67  years,  indicating  that  the  advance  of  the  glacier  across  the  valley,  which  we  know 
from  Allen's  observations  to  liave  been  over  25  years  ago  was  certainly  over  67  years  ago 
(before  1843)  and  perhaps  even  earlier. 

The  InUrior  Flat,  The  dear  ice  area  within  the  vegetataon-coveved  bulb  is  an  interior 
flat  <PI.  CLXXn),  intetmediate  hi  stege  of  devdopment  between  tiiat  of  Atiwida 
Glacier  in  1909  and  those  of  Variegated  and  GaHano  GimcStn  in  1905-09.  In  August, 
1909,  this  interior  flat  wa.s  bounded  by  the  crescentic  escarpment  of  the  forested  terminal 
hill  and  by  a  terminal  moraine.  It  represented  the  site  of  200  feet  or  more  of  melting  of 
dean  ioe,  lowering  bdow  the  former  level,  as  indicated  by  the  forested  part  of  the  ice 
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baflb.  At  tiie  tima  ol  our  olwM  vatioiM  m  1800  and  1910  Hmm  mm  an  ana  of  naa^- 

llat  ioa»  mergiiig  into  an  area  of  moderately-rising  glacier  wliich  sloped  gradnally  up- 
wards to  the  valley  mouth.  Upon  the  edge  of  this  flat  ice  a  broad  stream  was  slowly 
flowing  through  a  aeries  of  lake-like  expanses  in  which  clay  and  sand  were  being  de- 
posited upon  the  ice,  as  they  had  previously  been  deposited  upon  a  similar  but  higher 
area  to  the  northeast  where  slumping  had  followed  the  melting.  A  continuation  of  such 
aOnviatioii  vpon  tiie  ioe  will  produce  a  gravetboUoined  intaiior  flat,  iimilar  to  thatof 
Vaiiegstod  Glacier  in  YaJcntat  Bay.  The  ioe  aiufaoe  in  the  flat,  whidi  was  divmfied 
only  by  broad  swells  and  sags,  had  melted  down  to  the  bottoms  of  the  crevasses.  There 
was  an  occasional  one  in  1010  which  had  sloping  walls  and  was  4  or  5  foot  deep.  Farther 
up  the  flat  toward  the  valley  glacier  the  crevasses  were  deeper  but  30  feet  was  the 
maximum  depth.  Some  of  the  shallower  crevasses  were  filled  with  sand  and  mud. 
Theve  woe  no  appreciable  changes  in  the  ice  or  the  drainage  of  the  interior  flat  between 
1000  and  1010. 

The  Northern  Termifittl  Moraine.  North  of  Uie  bulb  ol  AUenGlaciar  is  a  strong  oea- 
eoaAic  tonninal  moraine  (PI.  CLXXII).  It  is  ovar  8  miles  long,  an  eighth  to  a 
quarter  mile  wide,  and  50  feet  high.  Parts  of  it  form  a  single  broad  ridge,  other  parts 
have  .shallow  basins  and  flat  knobs.  It  is  separated  from  the  glacier  by  a  crescentic  low- 
land a  quarter  to  a  half  mile  wide  with  pools,  marginal  channels,  outwash  deposits  and 
lake  clays,  and  ahunping  aiufaca  wliaro  theie  deposits  bad  baen  laid  down  iqion  tha 
noaa  of  tha  Racier.  Tbis  aona  is  banen  of  all  vaffBtation. 

Hm  moraine  seems  to  have  no  ice  beneath  it.  Its  smlaoe  is  covered  with  moss  and 
grasses  and  had  alders  and  willows  which  were  9  to  10  years  of  age  in  1010.  One  willow 
at  the  outer  border  of  the  moraine  on  the  alluvial  fan  was  approximately  50  years  old. 

The  only  gaps  in  this  northern  moraine  were  where  streams  from  the  glacier  had  cut 
through  and  only  one  of  these  was  occupied  in  1910.  The  other  gaps  were  abandoned 
stream  chaniM^a^rfiidb  beaded  up  in  the  moraine  or  ciit  comply 
nattod  at  ahl^berlgyal  tihaa  the  ptsasnt  surface  of  the  ^hciar. 

AUuvial  Fane  of  Outwash  Grcmd,  The  excess  in  the  amount  of  thinning  of  the  ^acisr 
by  ablation  in  the  unprotected  interior  flat  has  given  the  northern  side  a  lower  posi- 
tion than  the  moraine-protected  southern  margin  and  the  main  drainage  from  Allen 
Glacier,  therefore,  escapes  this  way,  building  the  great  alluvial  fan,  many  times  larger 
than  that  of  the  stream  from  the  southern  side.  This  northern  fan  (PL  CLXXIV) 
dc^MS  54  feet  to  the  mUe  in  one  portion  and  daeadhero  80  leet  to  the  mOe.  It  partly 
dams  Copper  Rivar,  aiding  the  glacier  bulb  in  prodocing  the  lake-like  expanse  which 
barh  iq>  into  side  valleys  and  produces  mud  flats  at  low  water  and  broad  shallow 
expanses  at  times  of  flood  (PI.  CLXXIX).  The  size  of  the  alluvial  fan  on  the  north 
furnishes  additional  proof  that  the  glax-ier  has  hwm  where  it  now  is  for  a  long  period; 
and  the  absence  of  vegetation  on  ail  parts  of  the  fan  shows  that  the  streams  have 
shifted  back  and  forth  over  it  regularly  in  bmlding  it  up. 

ThtUmrfituX  CkomteL  The  marginal  channel  of  Batrd  Canyon  (PL  CLXXI)  differs 
iwaok  Hiat  at  Abercrombie  Rapids  in  the  lack  of  swift,  white  water  with  reefs  and 
dangers  to  navigation,  paitfy  because  the  river  is  here  in  a  broader  channel  and  partly 
because  the  lake-like  expanse  above  Abercrombie  Rapids  backs  up  into  Baird  Canyon 
and  decreases  the  velocity  there.  On  this  account,  and  also  because  of  the  protection 
afforded  by  the  large  alluvial  fan  on  the  northern  side  of  the  glacier  the  river  is  not 
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malring  severe  inroads  on  the  glacier,  as  H  does  upon  the  GUOds  and  the  soutlkCim 
portion  of  Miles  Glacier.  No  icebergs  are  discharged,  for  the  glacier  front  is  every- 
where mantled  by  moraine  and  vegetation.  In  spite  of  the  narrowing  of  the  river  from 
8400  feet  just  north  of  Allen  Glacier  to  400  feet  in  Baird  Canyon  the  current  is  not 
quickened  sufficiently  to  make  the  river  undercut  the  glacier  front,  although  the  ice  is 
loumn  to  esteiui  out  to  tlie  river  Haelf . 

Endm»€f  Ftowage  in  AUtn  Glacier*  Thelagmof  k»miiianyportMii8of  tfaebolbcff 
Allen  Glacier  are  not  horizontalt  or  indlined  upward  at  a  low  utffifi,  as  near  the  teniiiiri 
of  many  valley  glaciers.  They  are  complexly  folded  and  crumpled  and,  at  many  points 
■within  the  interior  flat,  the  general  dip  is  vertical.  This  supports  the  idea  of  uprising  ice 
currents  within  interior  flats.  The  folds  in  .several  places  (PI.  CLXXVII)  were  found  to 
be  thickened  on  crests  and  thinned  on  the  limbs  as  in  the  type  of  whet  Vea  Hise  has 
celled  mmttar  £old8.>  As  rock  folds  of  tliis  type  era  taken  eseindeDoe  of  rock  flowage  it 
seems  poonble  tiiat  tihese  ioefokb  may  beinteqneted  as  evidenoe  d  f^maet  movem^ift 
actual  viscous  flowage.  The  faults  which  cut  certain  folds  are  later  than  the  folds 
and  seem  to  have  heon  made  in  the  zone  of  fracture,  or  crevassinp.  after  ahlation  of 
the  glacier  surface  removed  the  overlying  ice  so  that  the  folded  ice  was  in  the  zone  of 
fracture  rather  than  in  the  zone  of  fiowage.  The  ice  is  largely  made  up  of  coarse  crystals. 

History  of  AlUn  CHaeimr,  The  early  stage  of  Allen  Glacier  as  a  tributaiy  <A  the  maoti 
Copper  Biver  Glacier  seems  to  have  been  followed  by  a  stage  of  oomplele  deglnciatioii 
of  the  main  vall^  so  that  when  Allen  Glacier  expanded  to  its  inesent  fonn  it  had  an  open 
valley  in  whidi  to  spread  out.  This  is  suggested  by  the  sjTnmetrical  mushroom  head  at 
this  bulb  glacier,  which  is  the  most  polect  iUiiatration  of  this  type  of  glacier  thus  far 
described. 

The  date  of  this  period  of  expansion  is  not  known  except  that  it  was  before  ld4S,  as 
the  vegetation  proves.  Tlie  time  since  this  expansion  seems  to  have  been  one  ol  andh 
sknr  movement  in  the  valley  ^bder  that  the  ice  broo^t  forward  from  the  snowMda 

is  practically  aU  removed  by  vertical  ablation  in  the  interior  flat.  That  the  glacier  is 
moving  forward  and  is  not  "dead*"  as  is  commonly  believed  in  Alaska,  is  necessitated 
by  the  snow  supply  in  the  mountains  and  proved  by  the  crevassing  in  the  portion  of  the 
interior  flat  adjacent  to  the  valley  glacier.  The  movement  is  verj'  slow  and  dws  not 
seem  to  appreciably  uilect  the  outer,  or  eastern,  portion  of  the  bulb  at  all,  for  the  n  (^ge- 
tatioa  has  grown  in  the  4      feet  of  abUtiop  moraine  staler  mttPe  than  haW  a  <^ 

HVhen  we  visited  the  Allen  Glacier  in  1909,  bare  use  was  still  visible  in  six  of  the  rail, 
way  cuts  on  the  glacier  terminus.  A  year  later  none  of  these  exposnres  showed  ice.  The 
level  railway  grade,  which  had  been  produced  in  1909  by  blasting  out  a  shelf  in  the  gla- 
cier ice  and  levelling  it  up  with  mnrainic  ballast,  was  seriously  modified  in  1910.  The 
slumping  of  the  grade,  due  to  melting  of  the  ice  beneath,  amounted  to  or  3  feet  in 
many  places  and,  at  the  maximum,  amounted  to  over  7  feet.  Slumping  at  the  water's 
edge  showed  that  in  1910  the  ice  still  extended  oBt  beneath  Copper  River.  Thelaiseat 
area  of  dnnqinng  beneath  the  railway  grade  was  50  by  190  feet  Shunpinghadcommeaoed 
here  in  1900  and  ice  was  then  visible  beneath  the  rails.  The  settling  at  this  point 
amounted  to  6  feet  at  one  time  of  observation  in  1910,  althou^^  there  had  been  aonae 
filling  in  the  meantime  by  the  railway  section  gang* 

>  Van  Illsr,  C.T{  ,  PHndplw  of  Nwlh  AnMriMS  TfCtmMan  Gsokgr.  Iflh  Aaa.  Rqpt.  U.  B.  GeaL 

Sarvcgr,  P»rt  1. 1886,  p.  600. 
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The  front  of  Allen  Glader  ItM  a  dtstmct  cienuUtkMi  wHidb  is  intezpreted  not  as  due 

to  lobation  of  tlie  ioe  firont,  but  to  slumping  of  areas  idiere  the  ice  melts  out.  One  of 
these  has  already  been  spoken  of  as  containing  a  good-sized  pond.  Anotlier  valley  SO 
or  40  feet  deep  was  formed  between  our  visits  in  1909  and  1910  and  in  the  latter  year  its 
margins  showed  long  cliffs  of  bare  black  ice  and  a  floor  100  by  300  yards  strewn  with 
dead  alder.  Earlier  events  of  this  sort  were  indicated  by  deep  vall^-like  crenulati<ms 
in  the  glacier  front,  some  of  them  with  matore  alder  growing  on  the  sides  wfam  dunqt- 
ing  had  ceased,  others  with  the  slopes  still  covered  with  dead  or  dying  vegetation. 

Rdaiion  of  Allen  Glacier  to  the  Railway.  Nowhere  else  in  the  world,  so  far  as  we  know, 
is  a  railway  built  for  5\  miles  upon  the  end  of  a  living  f^lacier  (Pis.  CLXXI,  CLXXXI, 
B).  The  ballast  beneath  the  ties  and  rails  of  the  railway  actually  rests  upon  the  ice, 
not  upon  an  abandoned  moraine  as  at  Ueney  Glacier.  Since  the  railway  was  built, 
^iisadvantages  in  this  location  have  been  revealed,  notably  the  settling  of  the  track  as 
tiie  ice  beneath  it  mehs,  Ihe  frequent  breaking  out  of  new  streams,  calling  for  new 
tfestks,  and  in  one  case  the  shifting  of  a  bridge  support  18  inches  toward  the  itver, 
necessitating  the  driving  of  a  new  pile.  These  diffieohiea  will  recur  every  summer  and 
will  always  render  this  section  of  tlie  railway  expensive  to  maintain  and  slow  for  trains 
to  run  over.  Of  course  there  is  no  danger  tn  passengers  on  a  railway  thus  located, 
provided  track-walkers  watch  the  railway  grade  carefully. 

The  gravest  problem  in  connection  witti  the  section  of  the  railway  on  Allen  Glader 
«0Bies  in  connection  with  a  possible  advance  of  the  leader.  Iliis  would  destfogr  the 
track  and  completely  block  traffic  on  tiie  whole  railway,  for  there  is  no  way  to  go  avoond. 
Alter  a  period  of  immunity  of  67  years  such  an  advance  is  likely  to  come  at  any  time  and 
may  be  especially  imminent  any  time  within  the  next  few  years,'  for  the  adjacent  Childs, 
■Grinnell,  and  Heney  Glaciers  had  advances  in  1910  and  1911,  suggesting  that  the  snow- 
fields  west  of  Copper  River  are  likely  to  also  produce  an  advance  in  the  Allen  Glacier, 
lAidi  Bes  between  the  Grinndl  and  Hencgr  ice  streams. 

Sudi  advance,  however,  would  prdbobly  be  short^fived  and,  if  not  too  laige^  its  impetos 
might  all  be  taken  up  in  the  interior  flat,  so  that  the  outer  edge  of  the  ^ader  bulb»  on 
Avhich  the  railway  is  built,  need  not  necessarily  be  broken  up. 

The  railway  engineers  ronld  not  have  avoided  this  stretch  of  track  upon  the  glacier, 
"without  prohibitive  expense  of  rock  cuts,  a  tunnel,  and  two  expensive  bridges  across 
Coi)per  River.  The  most  serious  error  in  the  railwt^  building  was  the  stripping  off  of  all 
vegetation  fnm  the  right  of  way.  U  the  alders  had  been  left  growing  cl(^  up  to  the 
Taihray  the  slnmi^ODg  of  the  ice  beneath  and  dose  to  the  tradL  would  have  been  nuidi  less. 
Sven  now  it  would  probably  pay  to  plant  the  right  of  way  witli  new  shiubs  so  that  further 
slumping  beside  the  track  may  be  deoreased.  It  seems  likely  that  renewal  of  ballast 
beneath  the  rails  will  eventuaUy  bury  the  ice  there  so  deeply  that  slumping  will  cease. 

'  Since  making  this  prediction  of  imminent  adranre  of  Allen  Glacier  thr  junior  author  haa  been  informed 
by  Mr.  Caleb  Coceer  of  the  Copper  River  and  Northwestern  Railway  that  during  the  lammer  of  191S  the 
j^tAtt  coHBMaoed  to  move  fonmd*  Tbn  wntibeni  bolder  waa  crcrMNd  and  btohte  la  9ept8iiibef»  IHSi 
■ad  shMnd  dear  blue  ice  where  tbwe  WM  fmooth.  moraine-veneered  ice  in  1911.  In  the  northern,  moraine- 
o^vered  margin  of  the  biJb  therp  was  much  thickening  and  rrcvassing  and  an  advance  which  is  said  to 
«.mount  to  i  mile.  The  largest  glacial  stream  on  the  northern  side  ol  Allen  Glacier  left  the  channd  which 
itoeaM^<^lMOtoiailnBdaoiradiaaaevdi«iMl.ialMt,abovt«idlsfvte  ttsvahoM 

-vac  greatly  increased  and  the  stream  shifted  frequently,  ftmtsf  mch  timUs  la  tiM  portioa  of  the  nflmj 
.^•de  on  the  northern  alluvial  fan  of  outwaah  gravcU. 
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Small  Ice  Tongues  Noktu  of  Allen  Glacier 

T.a  Gorce  Glacier.  In  the  valley  immediately  east  of  the  terminus  of  Allen  Glacier 
Uiere  is  a  small  ice  stream  called  La  Gorce  Glacier.'  It  is  a  valley  glacier  a  little  smaller 
than  Grinnell  Glacier  uud  terminates  about  2  miles  from  Copper  River.  This  ice  stream 
floirs  wiUi  a  Miliar  tteep  grade  fnm  a  Iftigeiaiqii^  Ita  temumiB  is  mulled  wiU>  dUrni. 
Theie  is  ft  etioiig  laterd  inorabe  on  the  yBO^]r  lide  eee^ 

to  be  ol  recent  formation.  A  bcoed  vaOcQr  tiftm  of  ontwadL  gcsvcb  leads  from  tlie  gb- 

cier  to  the  Copper  River. 

The  mouth  of  the  valley  of  La  Gorce  glacier  is  exceptionally  steep-sided  because  of 
glacial  erosion.  It  seems  clear  that  the  La  Gorce  valley  formerly  mouthed  at  least  a 
mile  farther  north  and  that  the  Copper  River  now  sweqM  through  the  mouth  ol  La  Goxoe 
vftUcy  (PL  GLXXIV)  in  the  portion  of  its  eoane  south  of  the  600  foot  rock  hiDiw 
Allen  Glsder.  This  hiO  was  fotmedly  the  temunation  of  a  spur  on  the  nocthetn  side 
of  La  Gorce  valley.  Allen  Glacier  seems  to  have  forced  the  Copper  River  into  a  marginal 
channel  which  crossed  this  spur  and  entered  La  Gorce  valley,  the  river  then  sax^nng  off 
tlie  end  of  the  spur  and  converting  it  into  a  detached  rock.  It  is  concluded  that  this 
diversion  was  related  to  an  earlier  expansion  of  Allen  Glacier  than  the  present  one 
because  the  channel  east  of  the  rock  hill  is  not  a  narrow,  steep-sided  gorge,  but  lias  been 
opened  out  to  a  width  of  a  qnaiter  mile  wtOi  flaring  walls.  This  is  ascribed  to  erosion 
by  the  former  tnmk  ^ader  of  tiie  Cvpgn  River  valley.  The  expansion  of  Allen  Glacier 
is  thought  to  antedate  this,  and  the  reoccupation  by  Copper  River  of  this  modified 
marginal  cliannel  may  be  due  to  alluviation  by  the  glacial  streams  on  the  northern 
side  of  Allen  Glacier. 

Wernicke  Glacier}  Wernicke  River  enters  the  Copper  River  valley  northeast  of  Alkn 
Glader,  flowing  in  sooies  of  eiianneb  over  a  graiveQyvallqr  train  a  mile  wid&  We  have 
not  visited  the  glacier  at  the  head  of  thb  valley  but  from  the  many  streams  it  ie  judged 

to  be  of  considerable  sise. 

Skidds  Glacier.  Shields  Glacier '  is  a  small  valley  glacier  on  the  western  side  of  Copper 
River  valley  about  0  miles  north  of  Allen  Glacier.  It  terminate  near  the  lip  of  its  hang- 
ing valley  "(PI.  (1,XXIX). 

Smaiier  Ice  Masses.  A  hanging  valley  south  of  Shields  Glacier  still  retains  a  small 
glacier.  Therearesevcralontfaevalkywallnortliof  the  La  Goroe  Glacier,  two  of  vdiieh 
come  so  nearly  in  line  tiiat  they  give  the  erroneous  impression  of  a  leoemented  giacSer. 

North  of  Wernidw  Kver  there  is  a  n6v6-sheathed  slope  of  the  type  seen  in  Harriman 
Fiord.  This  ice  expands  on  a  moderately  steep  slope  and  terminated  in  1010  just  above 
a  barren  sone,  where  there  was  formerly  a  steq>  ice  cascade. 

Hmonr  Gxacurr 

Xoeafion.  HeneyGladerisonthewesternaideof  Coppv  River  10  milea  north  of  Allen 

Glacier.  The  portion  of  the  Copper  River  canyon  near  Heney  Glacier  is  2  to  4  miles 

wide  with  the  mountain  walls  on  each  side  rising  precipitously  over  5000  feet.  Instead 
of  being  blocked  by  glaciers  that  project  clear  across  the  valley  from  either  side,  as  Allen 

•  Named  in  1910  for  John  O.  La  Gorce,  asautant  editor  of  the  National  Geugraphic  Migaaiw 

•  Named  ia  1910  for  L.  Wcniicke  and  Aichie  Shkida  of  the  Copper  Biver  and  Nortlieni  Bsamj. 
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floid  Miles  Glacien  do,  tiM  taUYOik  U  open,  having  cmly  this  one  large  glacier  extending 

into  it,  and  this  ice  tongiie  reaches  only  about  a  mile  into  the  Copper  River  valley.  The 
other  glaciers  of  this  potion  of  Coppw  River  end  at  a  considerable  hei^t  in  the  moun- 
tains. 

Ommd  Ikamp^em,  Hut  iee  tongue  Am  m  cnqoM  and  ■nowfieldt  4000  to  0000  leet 
above  sea  leveL  It  has  a  known  length  of  about  8  miles  and  periiaiMi  an  even  greater 
CKtension  in  the  mountains.  At  the  month  ol  its  mountain  vaDsy  it  has  a  width  of  about 
a  mile.  Outside  the  mountain  valley  it  expands  in  a  bulb  over  two  miles  wide,  and  orig- 
inally similar  in  form  to  the  bulb  of  Allen  Glacier.  The  bulb  of  Heney  Glacier  has  now 
been  modified  by  retreat,  but  more  is  left  of  it  tlian  that  of  Childs  Glacier*  because  Copper 
River  has  not  cut  into  the  Heney  and  modified  its  form. 

MeCuno  GbMier,  •  fotuwr  tributaiy  of  Henqr  Glacier  ooi  tlw  aoulii  side,  enoneouslgr 
ahoim  on  previotts  nuqps  as  confluent  with  Hen^  Glacier,  has  been  disoonneded  from 
the  main  ice  tongue  by  melting'  and  now  tenninates  about  half  a  mile  within  its  vall^. 

Heney  Glacier  terminates  in  a  low  slope,  most  of  which  is  covered  ^^ith  ablation  mo- 
raine and  supports  thick  vegetation.  In  front  of  the  glacier  is  an  abandoned  terminal 
moraine,  traversed  in  a  great  curv^e  by  the  railway.  Between  the  railway  and  the  glacier 
there  are  several  lakes,  the  shores  of  two  of  which  are  traversed  by  the  railway.  In  the 
laigBSt  one,  iHiidi  is  farthest  to  tbe  noitli,  the  glacier  has  a  vertical  diff  and  <fisdiaigea 
•fcnrnall  icebergs.  Hensy  Glacier  is  neaHy  as  large  as  CSiilds  Glacier,  but  is  modi  less 
impressive  as  seen  from  the  railway,  because  it  is  not  so  active,  and  has  not  a  high  verti- 
cal cliff  undercut  by  the  Copper  River.  Because  it  is  moving  slowly,  the  outer  end  of 
it  is  dark-colored  and  unattractive,  with  ablation  moraine  and  ice  covered  with  thickets 
of  alder  and  cottonwood.  The  upper  part  of  the  glacier  is  clean  and  beautiful  and  a 
vkiw  from  a  point  about  a  mile  west  of  the  railway  shows  Heney  Glacier  as  an  impres- 
dve  and  attractive  tongoe  of  Sce^ranldng  fully  wHh  the  Childs  GIsder  in  aise  and  bea^ 

Fmiou§Map»*  Henegr  Glacier  basnet  been  described  previously.  It  was  first  shown 
wpon  a  map  by  Mahlo  in  1898.^  It  was  sketched  more  accurately  by  T^therspoon  in 
1900  *  (PI.  CLXXIX)  and  was  shown  upon  a  later  map  of  the  U.  S.  Geological  Survey.* 
The  deUiled  map  of  the  terminal  bulb  (PI.  CLXXVIII)  was  made  in  1910  by  the  Na- 
tional Geographic  Society's  expedition.  Rough  sketches  of  the  relationship  of  the  glacier 
terminus  were  made  by  the  railway  surveyors  between  1906  and  1909,  and  their  maps 
are  the  fiist  ones  upon  which  the  presence  of  the  lakes  in  framt  of  Heney  Glacier  is 
shown.  Tlufooi^nt  this  period  of  observatioti,  this  iee  tongue  seeais  to  have  remsh^ 
in  about  the  same  position  and  condition,  and  it  may  be  assumed  to  have  been  inactive, 
with  normal  slow  motion  in  the  valley  glacier  and  tributaries,  and  ■with  an  almost 
stagnant  condition  in  tlie  bulb,  from  sometime  before  1888  to  the  summer  of  1910  when 
our  studies  were  made. 

Th§  Valley  Glaeim'*  The  valley  glacier  showed  no  abnofmal  features  in  1910.  It  heads 
on  a  snow  divide  with  the  Schwan  Glacier  of  Tasnuna  valley,  flowing  eastward  and 
veceiving  as  tributaries  two  cascading  leaders  ham  the  west  and  two  large  and  two 
mall  giaders  from  the  south.  Tlie  slope  of  the  main  ice  tongue  is  modocat^  an  asoent 

t  Abercrombie.  Vf.  B.,  War  Dep't.,  Adj.-Gen.  Office,  No.  XXV,  Wsdrisgloe,  UMi  Sdoadcr.  F.  C  fOOk 
Ann.  Ttept,  U.  S.  Geol.  Survey,  Part  VII.  1900,  Map  No.  21. 

•  House  Uoc.  646. 66th  CongicM*  Sod  SeMoo,  Waahiagton,  1900.  PL  II. 

•  BdL  994  U.  8.  GwiL  Semy,  IMS^  FL  L 
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from  580  feet  to  830  feet  above  tlie  railway  being  made  in  the  two  miles  from  the  mouth  i 
of  the  valley  glacier  to  tlie  end  of  the  first  large  tributary'  on  the  south.   The  surface  of  j 
the  valley  glacier  is  little  crevassed  and  only  slightly  eucumbered  with  moraine.  The 
moraine  extends  farthest  up  the  Racier  cm  the  noarUiem  margin.  The  rttnmnm  won 
predmninantly  hmgitudinal  and  travd  was  easy  in  1010  upon  the  long  narrow  seracs  of 
the  valley  glacier. 

Barren  Portion  of  Bulb.  The  southern  half  of  the  bulb  of  Heney  Glacier  is  free  from 
moraine  and  slopes  10**  to  20".  There  is  a  little  debris  in  this  basal  ice,  but  the  surface 
has  scattered  stones  upon  it.  Near  the  glacier  margin  the  bottoms  of  a  few  crevasses 
reach  to  the  very  bottom  of  the  glacier,  revealing  ice  layers  which  stand  at  a  high  angle.  ' 

Hie  northwestern  haU  of  tlie  bulb  Is  tliicMy  mmitJiHi  witii  aUaftioii  monune  and  ili 
surface  is  a  maee  ol  knobs,  kettles*  lidges  wad  holknrs,  irith  ioe  dunriog  in  little  diii 
at  m  fenr  foeelities.  The  surface  nses  gradnaUjr  fmn  150  to  580  feet  shove  the  lailwaj.  i 
The  surface  of  this  ablation  moraine  was  everywhere  slumping  in  1910  and  vegetation 
had  nowhere  taken  root  upon  it,  exc-ept  in  a  narrow  strip  close  to  the  forested  portion  of 
the  bulb.  Even  here  the  j)lant.s  were  very  young  and  were  scattered,  so  that,  in  general, 
there  was  a  sharp  line  of  demarcation  between  tlie  barren  and  the  forested  zones  of  the 
tnoinine-coveied  bulb*  I 

ForeMPortiemufBiab.  AUoftkeeaslemeiidof  thebnib  (Fl.Ci:iXX?llI])lstiiM^ 
oorered  with  ablation  moraine,  beneath  which  the  presence  of  ice  is  only  shofivn  bgr  in* 
frequent  areas  of  slumping.  This  portion  of  the  glacier  is  completely  covered  with  d^HS 
forest.  Most  of  the  trees  are  alders,  but  there  arc  scattered  cottonwoods  and  \nllows. 

The  Terminal  Moraine.   The  terminal  moraine  (PI.  CLXXVIII)  is  followed  by  the 
railway  from  the  lake  south  of  Mile  Post  75  to  the  curve  just  beyond  Mile  Post  77.  The 
Abuser  has  retreated  half  to  seven-eighths  of  a  mile  from  the  moraine.  NearlQeFost  I 
75  and  for  over  a  nfle  to  the  south  the  Racier  xetains  an  advanoed  position  ao  that  no 
moraine  has  been  exposed  by  melting.  For  a  short  distance  beyond  this,  however,  there  | 
is  an  independent  morainic  ridge,  from  which  the  glacier  has  receded  about  half  n  Bifla.  ! 
This  southern  moraine  is  broad  and  low  and  partly  covered  with  forest.  ! 

The  northern  portion  of  the  moraine  where  followed  by  the  railway,  varies  in  width  j 
from  a  single,  synunetrical,  narrow  ridge  to  a  moraine  belt  nearly  an  eighth  of  a  mile 
vide.  The  beigbt  ranges  fmn  5  to  U  feet,  fat  the  lotiver  ridges,  to  40  or  50  feet.  The 
ridges  aie  ensomtic  and  paralkl  to  the  fmrmer  ioe  front,  and  sometimes  contain  smaB 
ponds  and  dry  kettles.  The  material  in  different  pacts  of  Hie  moraine  is  till,  rounded 
outwash  gravel,  fine  river  silt,  cross-bedded  dune  sand,  and  huge  angular  bowlders. 
In  several  localities  the  till  overlies  the  dune  sand  or  the  large  angular  blocks  rest  upon 
stratified  stream  deposits,  showing  that  there  has  been  an  advance  after  a  period  d 
retreat.  In  no  case  were  the  lower  deposits  at  all  weathered. 

Tk$  Marginal  Laku.  Tbien  are  four  large  and  several  small  lakes  around  the  maigia 
of  Heney  Glackr.  These  lakes  have  one  ivafi  of  ice  and  one  of  terminal  moraine.  Tliree 
of  them  Be  within  the  two  areas  of  interior  flat  which  this  bulb  glacier  has  developed 
upon  either  side  of  the  cent  ral  ridge  of  ablation  moraine.  That  the  lakes  have  fluctuated 
in  level  is  well  shown  in  the  southernmost,  where  there  were  minute,  abandoned  beach 
levels  in  1910. 

The  southern  interior  flat  contained  an  araa  of  groond  monune  irinehvaa  cwased  I17 
a  nmaricaUe  series  of  hundreds  of  km,  parallel  f oirows  and  ridlges  (Fl.  CLSXK)  cf 
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Miles  and  Childs  Glacbb  Buim 


Digitized  by  Google 


,  Google 


Plate  CLXVII 


A.   Crevasse  in  Detached  Ice  Mahu  at  Southern  Eik;e  ok  Miles  Gl-^c-ieir 
With  cuvcr  uf  ablutiun  moraine  sliding  intu  it.    Phutugmph,  August  19,  1910. 
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Pi.\TE  CLXXIIl 


A.     RllXiES  IX  Sot  TIIKHN   InTEKIoH   Fu\T  OF  HeNKY  (il-ACIEK 

Terminal  moraine  in  rigiil  liackground. 


B.   II.wiitNc  Vallet  Nokth  of  IIf.xet  GLAaER 


Fun  CLXXIV 


Allen  GiiAcm  in  1910 
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Plate  CLXX\  I 


A.     COPPKH  RiVKH  NEAR  ChITINA 

Looking  south  tonunl  Ihv  Hana^'ila  wutcrgap  in  whicii  Wood  Cao^'oa  is  cut. 


B.    LijoKivf;  NoKTH  IN  Wood  Canton 
HanagiU  watergap  at  a,  post-glacial  >iorgr  of  ('op|KT  Ilivrr  at  b,  inlvriucdiatc  glacial  valley  at  c.    PhotoKrapb  bv 
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the  type  formed  by  a  minor  advance  of  a  glacier  across  the  unconsolidated  deposits  of  a 
previous  retreat.  These  parallel  ridges  were  crossed  at  various  angles  by  narrow  de- 
p«ilt  ol  iMMl  and  dagr.  Sobm  olllie  kttv  iran  8  or  4  feet  high  (FL  CXXXUI,  A) 
and  isUwriiniuNM*  TfuiwatdM^ACMriiMiiiiilisdMMMtcf  lo6> 

He  mafi^iial  lake  at  the  eastern  end  of  the  glacier  b  the  first  one  seen  from  the  tnia 
going  northward.  Its  ioe  wall  is  oomirfcMy  eomed  with  grawiitg  fweat  and  dQ|»Qt  aft 
A  moderate  angle. 

The  northern  marginal  lake,  the  largest  bordering  Heney  Glacier  and  also  well  seen 
from  the  railway,  is  about  a  mile  long  and  half  to  three  quarters  of  a  mile  wide.  It  has 
the  tanunal  movaine  on  the  ninth  and  eaat  tidea,  ontwash  gravels  on  the  irest,  and  the 
Racier  on  the  sooth.  This  Racier  margin,  which  is  in  the  aooe  of  bamnabktionm^^ 

has  been  undercut  by  the  lake  waters,  so  that  H  fotms  a  precipitous  cliff,  20  to  50  feet 
hi^h.  At  the  time  of  otir  studies  ire  blocks  were  occasionally  sliding  down  into  the  water, 
more  at  night  than  dunn|{  the  day.  The  kice  is  probabity  very  shallow,  for  no  ioebeigB 
were  afloat  upon  it. 

Th§  OutwaA  GtomU.  The  dqtosits  made  by  the  gladal  stnams  from  Heney  Glacier 
mcflse  with  those  of  the  Copper  River.  The  largest  alfaivial  fan  is  on  the  sootti  and  it 
banen  near  the  present  sbeams  and  thiddtjr  oovered  with  alder  elsewhoe.  The  modsm 
eutwash  gravels  west  of  the  largest  hke  are  barren  and  sorroond  remnants  of  older 

Outwash  which  is  forested. 

I'egeiation  on  Ileneii  Glacier.  The  trees  and  moss  on  the  portion  of  the  glacier  which 
is  covered  with  ablation  moraine  and  upon  the  terminal  moraine  furnish  some  facts 
regarding  the  recent  histoiy  <d  the  terminal  bulb.  The  absence  of  annual  plants  and  of 
moes  on  the  western  belt  of  ablation  moraine  show  that  melting  of  the  ioe  has  lesolted 
in  afanopiqg  for  some  time  in  the  past.  The  presence  of  moss  and  of  a  dense  growth  of 
mature  trees  on  the  eastern  ertranity  shows  that  it  has  long  been  immune  from  slonqnng, 
and  yet,  even  here,  the  rare  areas  of  dead  and  overturned  trees  show  that  the  ice  lies  at 
no  great  distance  below  the  surface.  Upon  the  outer  margin  of  the  glacier  and  upon  the 
terminal  moraine  near  lidile  Post  75  the  alders  and  cottonwoods  were  11  to  2G  inches  in 
diameter  and  ^0  to  76  years  old  in  1010,  but  at  the  extreme  n(»thwestem  edge  \of  the 
terminal  moraine,  near  Mile  Post  77  there  were  oottonwoods  over  00  years  old.  This 
siiows  clearly  that  die  last  cq>ansion  oi  the  bulb  of  Hoiey  Glacier  was  about  a  centuiy 
ago  and  that  for  over  76  years  there  has  been  no  period  of  activity  capaUe  of  l»ealdng 
up  the  outer  portion  of  the  bulb. 

Near  the  outlet  of  the  large  northern  lake  the  crest  of  a  high  knob  in  the  terminal 
moraine  showed  great  cracks  in  1910.  As  the  rocks  were  thickly  covered  with  moss  and 
the  ridge  was  lorestod  raised  llie  qag^Stm  as  to  iHiether  Ihe  ioe  stiD  nndeito  tfait 
moraine  and  the  lake  basin.  We  saw  nothing  elseiriiere  that  led  ns  to  suspect  ioe  bcnealli 
this  moraine,  the  remainder  of  which  is  forested  and  undisturbed  by  sliming. 

AetivUy  of  Heney  Glacier  in  1911.  It  has  been  stated  that  the  glacier  was  only  moder- 
ately crevasswl  in  1910.  The  crevasses  in  the  valley  ton^e  seemed  to  be  of  two  sorts, 
one  set  were  the  normal  crevasses  of  the  more  rapidly  moving  upper  plaeier  reduced  by 
ablation,  the  other  a  longitudinal  series  of  fresh-looking  gashes  which  had  sliced  the 
glacier  Into  kmg  flat-topped  seracs.  This  latter  series  extended  into  the  edge  of  the 
Bone  of  barren  ablation  moraine»  where  none  of  the  older  crevasses  were  left.  Tliat 
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they  were  made  in  the  season  of  1910  was  evident  from  their  relationships  to  the  abl*- 
tion  moraine.  They  died  out  within  a  few  hundred  feet  of  the  edge  of  the  clear  ire. 

In  July,  1911,  Heney  Glacier  was  seen  from  the  railway  and  the  crevasses  then 
extended  throughout  the  zone  of  barren  ablation  moraine.  They  were  much  more 
abimdant  in  the  dear  ioe  ol  the  aoatlMni  portkm  of  thebolb  and  extended  dear  to  die 
IIIH9II  of  Um  laige  nortlieni  lake.  It  was  evident  that  portiona  of  the  f^bcier  ttmSty 
traversed  in  1010  were  nearly,  if  not  quite,  impassable  in  1911.  Mr.  L.  Weinidce,  <me 
of  the  railway  engineers,  noted  in  S^tember,  1911,  that  there  were  many  ioebecgs  in 
the  northern  lake. 

Evidently  a  wave  of  abnormal  movement  spread  down  through  the  Heney  Glacier  in 
1010-1911.  It  seemed  to  be  only  a  minor  spasmodic  advance  of  the  sort  which  prevents 
vtgtlMkia  bom  g*iiii«g  a  foothold  in  the  inner  portion  of  the  bdb,  rsthcr  than  a  great 
advance  fike  tiie  one  wliidi  resolted  in  the  building  of  tiie  terminal  moraine  about  a 

century  ago. 

Adjacent  Glaciers.  Of  the  ice  tonpiics  near  Heney  Glacier  the  largest  is  the  McCune 
Glacier,  already  alluded  to  an  a  deladu'd  tril)ulary  of  tlie  Ileney.  This  valley  glacier 
is  about  an  eighth  of  a  mile  wide  and  over  4  milc^  long,  rising  in  snowhelds  adjacent  to 
those  of  Shields  GhMiier.  In  1010  it  was  moderately  crevassed  and  liad  a  strong  medial 
noiaine  and  two  lateral  moraines.  The  half  nnfe  between  this  glacier  and  the  margin 
of  the  Henegr  is  occupied  partly  by  outwash  gravels  and  partly  by  two  independent  mo- 
raines, one  a  terminal  moraine  of  McCune  Glacier,  the  other  a  lateral  moraine  of  Heney 
Glacier,  the  margin  of  whose  bulb  has  bulged  into  this  valley  since  the  McCune  Glader 
became  independent. 

There  is  a  small  glacier  in  the  tributaiy  valley  north  of  Heney  Glacier  (.h,  PI.  CLXXIX) . 
This  i^acier  formerly  supplied  ioe  to  the  HsneyKnd  now  hangs  000  or  800 fbei  above  the 
smfaoe  of  the  trunk  leader.  The  water  from  the  small  glader  descends  frcHn  the  lip  of 
the  hanging  valley  in  a  series  of  beautiful  waterfalls  (PI.  CLXXIII,  B). 

The  first  cirque  south  of  Heney  Glacier  contains  a  small  staj^nant  ice  mass,  covered 
with  ablation  moraine.  Thia  cirque  hangs  over  1000  feet  above  the  floor  of  the  C<^per 
River  canyon. 

Oram  GiiAoma  or  ran  Copvnn  Bivnn  Cantok 

The  ioe  tongues  of  the  Copper  Biver  canycm  north  of  Heney  Glacier  are  not  at  aU 
wdl  known.  We  have  studied  none  of  them,  bat  have  seen  several  of  them  from  a  dis- 
tance. At  the  head  of  the  Bremner  River  there  are  large  glaciers,  and  on  the  south  side 
of  the  Tasnuna  valley  there  arc  two  large  bulb  glaciers,  of  which  Woo<lv.  ortii  Glacier 
seems  to  be  larger  than  Schwan  Glader.  ii^ach  of  the  latter  was  stagnant  and  moraine- 
oovered  in  1010  and  ^ppaienlty  mndk  as  Aey  weraiAen  viii 

Most  of  the  ioe  tongues  north  of  the  Tasnuna  Biver,  caroq>t  Cleave  Creek  Glacier,* 
are  small  and  descend  at  steep  grades,  in  several  cases  as  cascading  glaciers,  as  on  tim 
peak  south  of  Dewey  Creek.  The  noteworthy  feature  about  all  these  ice  tongues  is 
thdr  small  size  in  contrast  with  the  great  size  of  the  gladers  farther  south  in  the  Chugacfa 
Mountains  where  the  snowfall  is  many  times  greater. 

iSduader.  F.  C,  20th  Aim.  BcpU  U.  S.  G«ol.  SarvqTt  Fvt  VH.  1800,  pp.  SM,  891^108,  Fls.  XXXII. 
yvitlll  and  Map  SO. 

•  IMC  pp.  m  «M  wd  n.  xzz. 
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CHAPTER  XXm 

GLACUTION  OF  THE  FBINCE  WILLIAM  SOUND  AND  LOWER  COPPER 

RITER  REGIONS 

iNTRODrcrOHY 

Tllii  diapter  will  be  devoted  to  a  discussion  of  some  of  the  phenomena  of  peneral 
glaciation  of  the  Prince  William  Sound  and  lower  Copper  River  regions,  except  as  al- 
ready taken  up  in  connection  with  individual  glaciers  and  separate  fiords.  As  in  the 
cctveaponding  diacuwiop  for  the  Yakutat  Bay  region  (pp.  18S-4S1),  then  will  be  empUfi- 
calioii  of  qwdal  topies,  but  no  attemiit  wiU  be  nuuie  to  wimmariee  the  phenomena  of 
glaciation  presented  in  (pp.  SSIMSO),  eaoept  aa  they  fmnidi  efvidenoe  on  the  pvobkma 
under  consideration.* 

The  Copper  River  canyon  be  dealt  with  first,  then  Prince  William  Sound,  and, 
la-stly,  there  will  be  a  brief  comparison  of  the  glacial  history  of  the  Prince  William  Sound 
and  Yakutat  Bay  regions. 

Tub  Lowsb  Corras  RivaB 

Tk»  Cmyon  Between  Ckiiina  and  Taenvna  Rome,  Vnan  the  broad  intermontane 
hmm  of  Copper  and  Suritna  BiTcia,  ivhich  ia  annmmded  by  the  Ghngadi.  WiaofoiU 
TalkeetDa,  and  Alaaka  Raagea  there  are  water-gaps  and  paaiea  leadmg  out  in  rwsiom 
dmetiana.  Copper  River  emerges  at  the  lowest  of  these  and  plunges  into  the  hundred 
miles  of  canyon  by  wlii<>li  tliis  stream  crosses  the  Chugach  Coast  Range  to  the  Pacific 
Ocean.  This  ciinyon  consists  of  three  quite  different  portions,  (1)  a  northern,  narrow 
canyon,  (2)  a  wider,  middle  canyon,  and  (3)  a  southern,  terminal  portion  which  Bares 
open  toward  the  ocean.  Tlie  northern,  narrow  portion  of  this  canyon  lies  between  the 
ChHIna  and  Taanuna  Rivera.  Its  topography  is  diown  in  Itga.  00, 70,  and  F1.CLXXIX. 

Fkom  the  Chitina  River  southward  (Fig.  69)  the  river  valky  at  first  nairowa  down- 
stream (PI*  CLXXVI,  A),  the  vaD^  walls  become  hi^er,  and  the  liver  plangea  into 
Wood  Canyon,  a  short,  narrow,  steep-walled  gorpe  (PI.  CLXX\T,  B). 

Below  Wood  Canyon  tl:e  nvcr  is  in  a  bronder,  young,  stream  valley,  whose  walls 
rise  still  higher  aa  the  stream  penetrates  the  mountains,  until,  near  Spirit  Mountain 
and  TSM  River,  elevalioBa  of  MOO  to  7000  feet  are  attained  within  2  miles  of  the 
I  liver.  It  is,  thus,  even  deeper  than  the  Grand  Canyon  of  the  Colorado  River  in  AiiiQiia, 
bat  differs  from  it  in  ha\nng  a  fonn  |noduced  by  i^ial  erosion.  THth  tiiis  general 
I  dbnncter  (PI.  CLXXV)  the  canyon  eontanues  southward  to  Tasnuna  River.  Its 
I  ^raadenr  b  not  seen  as  w^  from  the  railway,  which  follows  the  western  bank,  as  from 

>  For  general  map*  of  the  area  disciuaed  see  A.  11.  Broolu,  FI.  5,  IXouae  Doc.  1346,  Part  2,  62Dd  Congrew. 
3rd  Bcanoa,  WMhiogUm.  1913;  U.  S.  Gnuit  and  D.  F.  Bioiiii^  PI.  U.  ia  pocket,  Bdl  448,  U.  S.  GcaLSarvqr. 
1910;  and  Map  1,  U  podket  flf  tUa  bosk. 
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the  river  itself,  and  there  are  few  finer  river  trips  in  the  world  than  that  from  Chitina 
River  southward  through  the  Copper  River  canyon.  The  junior  author  had  the  oppor- 
tunity of  making  this  in  1910,  when  steamboats  were  running  on  the  Copper. 

The  present  grade  of  the  river  in  this  upper  portion  of  the  canyon  ranges  between 
6  and  8  feet  to  the  mile.   The  river  is  an  anastomosing  stream,  divided  into  scores  of 

shallow,  braided  chan- 
nels on  a  narrow  valley 
bottom  of  glacial  outwash 
gravels.  The  only  excep- 
tion to  this  is  the  short 
stretch  of  Wood  Canyon, 
where  the  rivercovers  the 
whole  bottom  of  a  sin^e, 
deep  gorge.  Copper 
River  is  hea\Tly  laden 
with  glacial  debris  from 
the  Wrangell,  Chugach, 
and  Alaska  Ranges  and 
the  bottom  of  the  canyon 
is  being  built  up,  so  that 
the  channels  are  continu- 
ally shifting.  One  day  in 
August,  1910,  for  exam- 
ple, a  steamboat  upon 
which  the  junior  author 
ascended  and  descended 
the  Copper  River  for  SO 
miles  was  obliged,  on  the 
return  trip,  to  seek  new 
channels  at  several  points 
where  deposition  had 
shallowed  the  channels 
which  were  navigable 
earlier  the  same  day. 

The  portion  of  the  Cop- 
per Ri^'er  canyon  between 
Chitina  and  Tasnuna 
River  has  been  intensdy 
glaciated.  The  walls  are 
much  oversteepened  (Fig. 
70)  and  the  U-shape  (PU 


6 
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5  Miles 


Fia.  60.   C^PPSR  RrvKR  Canton. 
(After  U.  S.  Geological  Sun-ey.) 

CLXXIX)  is  well  developed.  The  overstcepening  results  in  modem  avalanciies,  as 
in  a  case  just  south  of  Cleave  Creek.  Inhere  are  numerous  hanging  valleys  (see  h. 
Fig.  70),  which  are  at  elevations  of  from  300  to  400  feet  for  the  larger  tributaries,  in- 
creasing to  an  extreme  of  1500  to  2000  feet  in  the  case  of  a  small  hanging  valley  just 
north  of  Dewey  Creek.  The  post-glacial  gorges  cut  in  the  lips  of  these  hanging  valleys 
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contain  numeroiis  beautiful  waterfalls.  Hanging  valleys  of  the  second  order  are  also 
present.  The  hackly  surfaces  characteristic  of  glacial  plucking  are  prominent  on  some 
of  the  oversteepened  slopes.  The  roches  moutonnte  form  is  best  developed  in  the  hill 
of  naked  rock  at  the  mouth  of  the  Tiekel  River  where  the  east-west  movement  of  this 
large  glacial  tributary  has  predominated.  Tlie  upper  limit  of  glaciation  must  be  3000 
to  5000  feet  in  the  northern 


portion  of  the  canyon. 
Above  this  the  irregular 
superglacial  surfaces  seem 
to  be  due  more  to  weather- 
ing during  the  extreme  gla- 
ciation than  at  present,  for 
there  are  no  great  accumula- 
tions of  talus  below  these 
precipitous  cliffs,  as  would 
be  the  case  if  post-glacial, 
high-altitude  weathering  had 
produced  them,  rather  than 
super-glacial  weathering 
■with  a  glacier  present  below 
in  the  canyon  to  transport 
the  weathered  material 
away. 

The  canj'on  winds  more 
than  in  the  broader  section 
south  of  Tasnuna  River,  so 
that  one  sees  overlapping 
spurs  from  certain  points, 
but  the  ends  of  these  spurs 
are  sharply  truncated  by  gla- 
cial erosion.  The  cross-sec- 
tion of  the  gorge  is  in  some 
places  asymetrical,  as  in  the 
eight  miles  from  Tiekel  to 
Cleave  Creek,  where  the 
eastern  side  of  the  canyon  is 
much  more  oversteepened 
than  the  western  side,  which 
still  retains  some  long,  slop- 


ing, overlapping  and  only  *^*»-  ^o.  Coppeb  Riveb  Canton. 

slightly  truncated  spurs.  (After  U.  S.  Geological  Survey.) 

The  same  section  also  shows  the  rock  terrace  in  which  the  present  stream  course 
is  cut  in  some  places,  and  which,  here  and  there,  produces  a  system  of  very  low,  over- 
lapping spurs. 

For  about  fifteen  miles  south  of  Wood  Canyon  Copper  River  occupies  an  ill-defined 
secondary  gorge  within  its  glaciated  canyon.  The  gorge  is  cut  in  a  rock  bench  or  ter- 
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race  which  slopes  j^adually  southward  from  the  mouth  of  Ilanagita  Valley.  Young 
gorges  have  been  cut  across  the  remnants  of  this  bench  by  tributary  streams.  Its  top 
has  the  rounded  outliues  of  a  glaciated  surface.  Near  the  southern  portion  glacial  gravels 
rest  upon  it. 

Tbit  isolated  MOO  foot  rock  IM  called  The  PeniitBala  (JPL  CXXXIX),  and  » irndkr 
hillock  just  south  of  Cleave  Credc,  present  interesting  probl^ns,  deserving  of  aftentioa^ 

in  connection  with  former  marginal  drainage  and  ^ader  diitributioa. 

The  Origin  of  Wood  Canyon.  Wood  Canyon  is  a  yoimg,  steep-sided  gorge  of  a  aott 
seen  nowhere  else  in  the  lower  CopfXT  River.  Its  origin  is  interesting  and  may  possibly 
be  of  importance  in  connection  with  the  problem  of  how  Copper  River  acquired  its 
present  ooone  across  the  Chugach  Range.  This  problem  has  been  touched  upon  by 
Schrader  and  Spenoer,*  and  by  MendenhalL* 

Without  going  in  detail  into  this  larger  proUem,  wiiich  requires  further  field  weric 
in  relation  to  several  other  outlets  of  the  Copper-Susitna  basin*  it  may  be  pcMnted  out 
that  a  glacial  origin '  seems  more  reasonable  than  headwater  erosion,  as  sugge^^ted  by 
Mendenhall,  or  an  antecedent  origin  for  the  course  of  Copper  River  through  this 
northern  portion  of  the  mountains,  with  the  Wood  Canyon  interpreted,  aa  has  been 
done  by  Schrader  and  Spenoer»  as  an  evidence  of  recent  warping. 

Tlds  hypothesis  of  i^adal  origb  ol  the  oomae  of  Copper  Raver  across  the  mwinlaii 
range  may  be  outlined  as  fdlows:  The  pN^acial  iq>per  Copper  and  ddtiMi  BivaB 
are  thought  of  as  having  some  other  course  to  the  sea  than  the  present  one.  The  pre- 
glacial  lower  Copper  River  is  thought  of  as  heading  somewhere  south  of  but  close  to 
the  present  Wood  Canyon.  .\  former  suh-sequent  stream  in  the  Hanagita  V  alley  is 
thought  of  as  turning  at  right  angles  at  tlie  south  end  of  what  is  now  Wood  Canyon 
and  flowing  northward  liirou^  the  pass,  alluded  to  hereafter  aa  Hana^tn  Watergap, 
to  Chitina  River,  just  as  Tebay  River  fifteen  miles  farther  east,  mm  Bam  uorUiwanI 
hem  Hanagita  Valley  to  Chitina  River.*  The  hypothesis  then  siqiposes  that  the  inter- 
,  montane  Racier  of  the  Copper  River  ba.sin  rose  high  enough  to  have  an  outlet  southward 
through  the  Chugach  Mountains  by  way  of  the  lower  Copper  River,  and  that  a  gladal 
stream  cut  the  present  Wood  Canyon  and  diverted  the  drainage  of  the  eastern  portion 
of  the  Copper  River  basin,  that  is  the  Upi^r  Copper  and  Chitina  Rivers,  into  the  head- 
waters of  the  lower  Copper,  whose  valley  had  been  enlarged  by  facial  eniaioii  to  the 
pieaent  canjnm  form. 

The  conditions  at  Wood  Canyon  are  as  follows.  The  canyon  is  a  narrow  gash  (PI. 
CLXXVI,  A)  cut  in  the  l)ottom  of  an  older  col.  This  broad  flat-bottomed  col, 
Hanagita  Watergap,  seems  to  be  a  preplacial  stream  course  at  a  little  higher  level  than 
the  broad  rock  terrace  in  which  the  present  gorge  of  the  adjacent  Chitina  River  is  in- 

'  Schrader.  F.  C,  A  Reconnaisssnce  of  a  Part  of  Prince  William  Sound  and  the  Copper  River  Dislricf 
Alaska,  in  1898.  20th  Aon.  Kept..  U.  S.  Oeui.  Survey,  Part  VII.  1900,  pp.  885-403;  Schrader,  P.  C  aai 
fl^MMW,  A.  a,  G«glo87  and  MiMnl  BflMMNM  ol  a  PoifiM  «t 

96th  Congrps.4,  2nd  Session.  Washington.  1901.  pp.  70  75;  Spenor.  A.  C.  PadGc  **tri^rn  IVSIll  im  MM 
Columbia  *od  Alask*.  BuU.  Geol.  Soc  Amer..  Voi.  XIV,  10OS.  pp.  120*121,  127. 

tBfaMfcBbJU  W.  g,  A  BnwiBiMilMiiiwi  from  Renrwctica  Bay  to  the  Twwaa  Bhwr,  Ahdtai,  ia  WW.  mfc 
Ann.  Rept,  U.  S.  G«ol.  Survey,  Piwt  VII.  lOOn  pp.  334-535 

>  Martin.  Lawrence,  Nat  Geog.  Mag..  Vol.  X.XII,  1911,  p.  560;  Petcrmanns  Geog.  Mitteflongea.  Jahzgaag, 
1912.  p.  81;  The  Canyon  and  DdU  of  the  Cc^per  River  in  Alaska,  BuU.  Geol.  Soc.  Amar.:  Vol.  84,  19U. 

«  8m  IL 1.  BoD.  IT4  U.  a  OmL  Bvrcgr,  IMft. 
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cised.'  From  this  difference  in  level,  it  Is  thought  that  the  preglacial  drainage  through 
the  Hanagita  Watergap  went  northward.  The  watergap  is  thought  of  as  widened  out  to 
the  U-shape  by  the  ice  whicli  streamed  southward  from  the  Copper  River  basin. 

The  glacUl  eronon  of  the  watergap  produced  a  secondaiy  valley  within  it,  but  thu 
^adal  TiUflgr  nearly  eveiywiiere  comcideB  tritii  Wood  Caiqrott  andU  tiMicfoNb  it  noog- 
nizable  at  onjy  one  point,  where  aboot  half  »  mile  ol  it  it  jwewrved.  This  is  where  the 
Railway  leaves  the  \vest  bank  <^  the  river,  just  north  of  Ifik  Post  1S4,  and  follows  this 
abandoned  valley  (o  in  PI. 
CLXXVI,  B,  and  Fig.  71)  whifh 
is  80  or  90  feet  above  the  present 
levd  of  tlie  river. 

When  the  Racier  was  mrfting 
awagr  this  glacial  vaUegr  was  ap- 
parently occupied  by  a  tongue  of 
stagnant  ice  long  enough  to  pre- 
vent the  main  stream  from  flow- 
ing here,  for  part  of  the  Wood 
Canyon  channel  was  established 
just  to  the  east  That  ghdal 
watera  occupied  thu  channel  at 
one  stage,  however,  is  shown  by 
outwash  gravels  90  feet  above  the 
present  Copper  River. 

Wood  Canyon  (PL  CLXXVi) 
was  aftcfwaid  indeed  to  Its  prea- 
est  deptii  and  is  dMy  a  poei- 
^neial  goiige.  In  it  the  Copper 
River  is  constricted  in  a  channel 
400  to  550  feet  wide,  in  contrast 
with  1800  feet  just  below  the 
canyon  and  over  half  a  mile  just 
north  of  a. 

'!l!!he  origin  of  Wood  Canyon  Is 
elearly  involved  with  <he  facial 
period  rather  than  orographic  na  71.  Gonan  Bnm  m  Woon  Ginvw. 

movements.   The  great  terraces 

of  outwash  gravels  in  the  Copper  and  Chitina  valleys  are  graded  up  to  an  elevation 
that  makes  it  impossible  to  consider  their  formation  in  relatian  to  angrydng  but 
streams  graded  up  to  a  temporary  haaelovel  at  the  hn^t  of  iht  top  of  the  Wood 
Canyon  walls,  or  the  approximate  heiglit  of  the  abandoned  vaDcy  followed  by  the 
railway.  This  establishes  Wood  Canyon  aa  postpglarial,  and  suggests  the  control  of 
the  downcutting  of  the  rock  floor  of  the  canyon  over  the  system  of  terraces  and  gorges 
which  have  been  cut  in  the  glacial  gravels  of  the  whole  Copper  River  basin. 

How  long  ago  Wood  Canyon  was  eroded  cannot  be  stated,  nor  is  it  likely  that  down- 
cntting  has  entirely  ceased.  It  seems  certain,  however,  that  it  has  taken  several  thowsand 

*  See  PI.  L.  BttU.  97i.  U.  S.  Geol.  Survey.  IMS. 
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years,  for  the  loess  d^osits  overlying  the  outwash  gravels  immedialely  uortli  of  Wood 
Canyon  have  been  at  least  1000  years,  and  probably  mudi  Umger,  in  proeeaa  of  ae- 
cnmnlation.* 

Th$  OonfOR  Between  Tamuna  River  and  Childs  Glacier.  The  middle  portion  of  Copper 
River  Canyon  extends  from  Tasnuna  River  to  Childs  Glacier  (PI.  CLXXIX).  The 
width  in  this  section  is  from  ?  to  4  miles,  in  contrast  to  the  width  of  a  half  mile  to  a 
mile  in  the  narrower  canyon  between  Tasnuna  River  and  Chitina.  The  widtli  in  this 
glacial  canyon  does  not  increase  down-stream  as  in  a  valley  carved  by  river  erosion. 
Jiliat  bdow  Taanun*  River,  for  nampK  the  oaoyon  ia  over  foor  milea  widot  and  four- 
teen milea  to  the  aoitlh  at  Allen  Glader  it  ia  fonr  mileB  nide^  iriiile  ak  ndba  faitiNr 
down-stieam  the  width  is  only  two  and  one-half  milea,  and  aiz  miles  below  this,  alt 
Childs  Glacier,  the  width  is  again  four  miles.  The  canyon  walls  are  slightly  lower 
than  in  the  narrow,  northern  section,  the  average  height  in  this  middle  section  being 
4000  to  6000  feet,  attained  within  1  to  !i  miles  of  the  river.  The  U-shape  is  weU 
devdoped  although  the  canyon  walls  flare  more  than  in  the  northern  section. 

The  broadened  valby  bottom  of  the  Copper  River  eanyoo  waa  recognised  by  ABen 
in  1885  aa  an  evidence  of  prof oond  glacial  erosion.* 

The  cause  for  the  increased  width  of  flie  canyon  f ran  Tanima  River  to  Childa  Glacier 
•eems  to  be  the  incoming  of  the  Tasnuna  and  Bremner  valleys.  The  Tasnuna,  about 
two  miles  wide,  and  the  Bremner,  about  a  mile  and  a  half  in  width,  join  tlic  Copper, 
which  is  less  than  a  mile  wide,  causing  the  four  miles  of  width  in  the  section  of  the  Copper 
under  disniBsiwi.  This  matter  of  width  is  another  argument  in  favor  of  tiM  reooicgraf 
tim  diveiaion  of  tlie  drainage  of  the  Copper  Rhw  baan  acrosa  the  Cinigad^ 
The  rdatknuiiip  of  widths  of  the  Cftppet  and  these  two  tributaries  is  a  natural  one^ 
granting  profound  glacial  erosion  bgr  the  Copper  River  Glacier,  aided  by  the  large  former 
ice  tongue  in  the  Tasnuna  valley,  which  still  contains  the  Woodworth  and  Schwan 
Glaciers,  and  the  large,  former  ice  tongue  of  the  Bremner  vallqr,  where  there  are  great 
glaciers  even  now. 

The  canyon  waOs  between  Tasnuna  River  and  ChikU  Glader  are  eaBegptionally  aim- 
pie,  ddefly  as  a  result  of  facial  erosion.  TWe  are  no  prujeutiug  spurs  (PL  CTiX  X I X), 

except  the  tiniest  remnants  of  eroded  spurs,  as  in  the  one  in  the  rock  cut  between  ADcn 
Glacier  and  Camp  55  at  Abercrombie  Rapids.   The  lower  slopes  of  the  canyon  are 

much  oversteepened,  the  upper  limit  of  glaciation  being  estimated  at  between  1500 
and  2000  feet  north  of  Allen  Glacier  and  1450  feet  at  Childs  Glacier,   Below  the  shoul- 
der of  oversteepening  the  slopes  are  rounded  and  there  is  little  post-glacial  stream 
Qimeciion. 

Above  the  ahouUer  of  oversteepening  (•-*  in  FL  CLxakAi,  A»)  there  are  mu^ 
atreom  ooumes,  aqmrated  fay  rather  finely  dissected  spurs.  The  peaks  include  many 
pointed  horns  and  broad  towers,  especially  in  the  hotiaontal  strata  jost  north  of  AUea 

Glacier  and  Wcmicke  River. 

The  great  predominance  of  striation  and  glacial  rounding  and  poUshing  upon  the  lower 
slopes  of  the  canyon  em])hasizes  Uic  few  surfaces  of  bare  rock  which  are  hackly  and 
innooent  of  gladd  grooving.  Among  the  places  where  these  are  found  are,  (1)  the  pce- 

iTht.  R.  S.  and  Martin,  Lawrence,  Glacwl  DcpouU  uf  the  Continental  Type  in  A'aika.  Joum.  GeoL, 
▼«L  XZI.  IMS,  lip.  .«•-«•. 
t  AOmw  B.  T,  Copv*  Bif«,  Ak^  Obdd  Asliaa,  8dM  VsL  VOL  U8f^  pp.  14i-m 
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c^aUwB  1800  foot  cliff  east  of  Hie  tetnumit  of  Allen  Glacier,  iHiere  the  lower  1000  feet 

are  nearly  vertical,  (2)  the  western  canyon  wall  at  Abercrombie  Rapids,  and  (S)  the 
western  side  of  the  isolated  600  foot  rock  hill  at  the  mouth  of  La  Gorce  Valley.  Part 
of  this  rock,  facing  Allen  Glacier,  has  vertical  and,  at  one  place,  actually  overhanging 
cliffs.  In.  each  case  the  absence  of  striation,  which  is  unquestionable  at  the  locaUties 
inspected,  tad  Menu  to  be  to  to  the  inaooeenble  higher  portiooe  ot  the  seme  cUflb  eoc- 
amiiied  wHk  field  gliwei,  ii  csphmed  by  gladal  phiddng.  The  ebeenoe  of  etriatioii 
on  two  ci  these  cliffs,  however,  oiipoaite  marginal  of  the  Copper  River,  sug- 

gests the  complication  of  stream  erosion.  Below  these  non-striated  cliffs  there  is  usually 
an  absolute  absence  of  talus,  showing  that  the  rough  surfaces  were  produced  by  an  ero- 
sive agent  which  worked  in  association  with  a  transporting  agen<^.  This  ^lim'T»ftty# 
post-glacial  weathering  or  avalanching. 

Teliu  dopee  mantle  certain  of  the  eaayoa  waUe  in  the  section  between  TaamuuL  River 
and  Childs  Glacier.  These  are  especially  weU  developed  at  Abercrombie  Rapids,  where 
the  railway  engineers  have  cut  off  the  noses  of  several  steep  talus  cones  which  are  1000 
or  2000  feet  high.  This  has  modified  them  in  a  way  to  invite  future  rock  avalanches.* 
These  talus  cones,  some  of  wliich  extend  above  the  upper  limit  of  glaciation,  and  which 
are  now  entirely  covered  with  vegetation  are,  therefore,  no  longer  growing,  from  which 
it  may  be  inferred  that  post-glacial,  high-altitude  weathering  is  far  less  effectual  than 
ttie  iupef-^actal  weathering  of  the  time  of  mairimnnigiafffaitioii. 

Some  ol  the  tributaries  of  Copper  Btver  are  in  hanging  vaU^  (Fl.  GLXXIX). 
The  smaller  tributaries  have  discordinoes  of  several  hundred  feet,  the  stream  at  Wliiting 
Falls  north  of  Heney  Glacier,  for  example,  han^ng  300  to  400  feet,  another  (Map  9) 
just  southwest  of  Allen  Glacier  hanging  550  feet,  and  a  third  just  north  of  Abercrombie 
Rapids  hanging  about  400  feet.  This  last  hanging  valley  is  at  Camp  55  and  a  milky 
itupin  from  a  nuD  i^aeier  Ascends  ito  Up,  Imt  the  gorge  of  the  atfoam  jwt  norlik  of 
H,  nBdi  has  no  glacier,  is  not  a  hanging  TaOqr.  Shields  Glacier  is  in  a  hanmir^^*llc7* 
hot  it  is  not  certain  whether  the  large  tribotaiy  streams,  like  those  of  La  Gorce  Glader 
and  Wernicke  River  are  in  hanging  valleys  or  not.  K  so,  their  discordance  is  hidden 
by  the  gravel  filling  of  the  Copper  River  canyon.  Bremner  River  may  even  be  dis- 
cordant in  relation  to  the  Tasnuna  and  main  Copper  Rivers,  for  there  are  low,  roches 
moutonute  kills  in  its  mouth. 

The  floor  of  the  middle  section  of  the  Copper  River  canyon  is  absolutdy  devoid 
of  10^  ledges,  eieeptlng  In  rsrehiUs  like  the  latge  one  at  the  month  of  La  Goroe  Valley 
and  small  rock  islands  close  to  the  vall^  walls,  as  in  a  case  just  south  of  Wernicke 
River.  The  rock  bottom  is  thought  to  be  some  distance  below  the  present  river  level, 
perhaps  partly  accounting  for  the  greater  width  here  than  in  the  section  north  of  Tas- 
nuna River.  The  valley  floor  is  mantled  with  glacial  outwash,  which  covers  about 
fifty  square  miles  between  Allen  Glacier  and  Tasnuna  River.  The  present  grade  of 
Copper  River  for  the  i^ofe  middle  section  of  the  canyon  averages  less  than  three  and 
one-half  feet  to  the  mfl^  or  about  half  thai  in  tiie  section  between  Tasnuna  River  and 
Chitina.  As  this  three  and  one-half  foot  average  indudes  the  Quids,  Abercrombie, 
and  Baird  Rapids,  it  is  apparent  that  the  grade  elsewhere  is  not  over  2  or  8  feet  to  the 
mile.   The  Allen  (PI.  CLXXXI,  B)  and  Miles  Glaciers,  acting  as  a  dam  and  checking 

t  Some  of  thcae  prafictad  avafanohw  look  place  dinnf  tiw  aHSSMr  of  IMi;  bloddqg  tho  niimf  for 
■evvral  wcdu. 
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the  eurrent  of  the  Copi>cr  River,  are  responsiUe  for  this  great  accumulation  of  coarse, 
outwash  gravels.  The  river  is  divided  into  innumerable,  branching,  shifting  channels 
of  the  type  which  dflfvdop  in  heavUy>kMded  giadal  ftreami  whose  coneat  is  cheAed 

(PI.  CLXXIX). 

The  Former  Copper  River  Fiord.  The  third  section  of  the  course  of  the  Copper  River 
across  the  Chqgadi  Blovuitauis  is  between  ChOds  CUsder  and  tbe  tmtwa^  hndgt  at 
Flag  Point.  This  is  the  monlih  of  the  Copper  Biver  emayon,  whidk  Hates  so  modi  in 
a  distance  of  twelve  miles  that  the  width  of  four  miles  at  Childs  Glacier  increases  to 
thirteen  miles  at  Flag  Point.  The  mountain  walls  attain  heighto  of  4000  to  MOO  lost 
within  1  to  8  miles  of  the  valley  bottom. 

The  lower  portions  of  the  valley  wall  slope  very  steeply  as  a  result  of  glacial  erosion. 
In  a  cliff  just  south  of  Miles  Glacier  on  the  eastern  valley  wall  there  is  an  ascent  of  1700 
feet  in  a  distance  of  fiOOO  leet,  and  just  north  of  Blag  Point  on  the  western  vaOegr  wall 
them  is  an  asoent  of  4000  fset  in  less  than  a  mile. 

The  tributary  valleys  enter  at  discordant  grades,  as  near  McPherson  Glacier  where 
extensive  pla<  ial  erosion  is  shown  by  the  hanging  valley  over  the  end  of  which  this 
ice  tongue  rascades.  The  hanging  cirque  between  McPherson  and  Miles  Glaciers  has 
been  eroded  by  a  local  glacier  now  melted  away.  The  valley  in  which  Fickett  Glacier 
BsssBSMstahatfgbeenniaA  dsqpsned  and  stsepeaedl  in  the  hwwr  slopes  by  ice  erasion. 
The  Quids,  Goodwin,  and  Johnson  Glaciers  probably  ooonpy  haaqpng  valleys  hdt 
is  not  certain  wfaelhcr  the  TaDegr  oocupied  by  Blarlin  Birer  Glacier  is  <fiscotdant  or 
not. 

It  is  thought  that  this  lower,  flaring  portion  of  the  Copper  River  canyon  is  a  former 
fiord  and  that  the  waters  of  the  Padfic  Ocean  formerly  extended  at  least  as  far  north 
as  the  Childs  and  Miles  Glaciers. 

Hiisconehisionis  based  upon  the  fact  that  boeings  at  the  nioath  of  the  caa^  mar 
Flag  Point,  Am  to  the  western  valley  waD,  and  at  Hbtcahn  Channel,  abort 
of  the  valley,  show  that  there  is  no  lock  for  a  distance  of  at  least  25  to  S5  feet  belofW 
sea  level.    At  the  head  of  the  flaring  section  of  the  valley  the  soundings  in  the  Mfles 
Glacier  lake  show  that  the  rock  bottom  is  over  184  feet  below  sea  level. 

From  these  facts  it  may  be  concluded  that  when  the  trunk  glacier  of  the  Copper 
Biver  canyon  retreated  it  had  deepened  this  flaring  embayment  so  that  the  hmm 
fifteen  miles  or  so  were  bdknrsea  level  That  the  iee  did  not  halt  long  enoo^  to  fiD 
this  embayment  at  once  is  suggested  hy  tiie  absence  of  recessional  moraines.  Hut  tiie 
ocean  then  extended  up  to  or  above  present  sea  level  is  shown  by  the  presence  of  wave- 
cut  forms,  like  the  stacks  at  and  west  of  Alaganik.  If  the  water  extended  inlaud  to  the 
stacks  at  Ahiganik  it  must  have  also  filled  the  Copper  River  fiord,  at  least  as  far  north 
as  Miles  and  Childs  Glaciers. 

The  Ihtting  fom  of  the  vatky  walb  indicate  that  this  former  fioid  had  oadi^ 
ilar  to  Orca  Inlet,  Sheep  Bay,  Port  Grnvina  and  sevnial  other  fiords  to  the  wiest»  wiiich 
would  be  readily  transformed  to  fillrd  fiords  exactly  lilre  the  month  of  Copper  Biwer 
canyon  if  great  glacial  streams  flowed  into  their  upper  portions. 

The  Copper  River  Delta.  The  Copy>cr  River  has  not  only  completely  filled  this  former 
fiord,  but  it  has  built  a  delta  fPl.  XCIIl)  which  extends  about  12  miles  out  into  the 
sea  south  of  Flag  Poiut  and  shallows  the  Pacific  Ocean  for  twenty  miles  more.  This 
delta  coalesces  with  the  alluvial  fans  of  Sheridan«  Soolt,  and  n4|u^t  gladecs,  oa  thn 
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nest  and  the  oofcwaah  pkun  ci  Biartin  Rrrer  Glacier  on  the  east.  Hie  Copper  Bnrer 

deka  merges  so  imperceptibly  with  the  outwash  gravels  which  fill  the  former  Copper 
River  fiord  that  it  is  best  thought  of  as  heading  at  Childs  and  Miles  Glaciers,  espe- 
cially because  just  below  Goodwin  GUader  the  Copper  River  bnadies  into  a  aeries  ol 

distributaries. 

Detaili  Jieyardinj  the  Qtaoal  Streams  on  the  Delia.  At  present  the  Copper  River  dis- 
tribntiM  <»ccupy  tin  wwtem  half  of  the  delta  and  the  BCartia  Biver  dlrtiibrtarisa 
the  eastern  half.  Hie  largest  of  the  Copper  River  fhannris  foUoiwa  the  extreme  wvstem 
aide  ti  the  valley  and  at  the  kmer  bridges  on  the  Copper  River  and  Northwestern  Rail- 
way there  are  smaller  branches  east  of  Long  Island,  the  chief  one  called  Hotcake  Channd; 
and  two  main  streams  west  of  Long  Island,  separated  by  Round  Island.  We  shall 
call  the  westernmost  and  largest  of  these  the  Flag  Point  Channel  and  the  smaller  or 
eastern  distributary,  between  Round  and  Long  Islands,  the  Long  Island  ChanneL 
Boond  and  Ixmg  Islanda  eadi  rise  80  to  60  feet  alMnre  sea  level,  or  IS  to 
atages  ef  wader,  and  there  are  nnmenms  sand  bars  at  thmr  borders  at  the  lower  slagea 
of  the  river. 

The  combined  width  of  these  three  ehief  distributaries  of  Copper  River  is  4445  feet, 
in  contrast  with  a  width  of  1500  feet  in  the  single  channel  of  the  undivided  river  at 
Miles  Glacier  bridge,  where  the  depth  Is  not  much  greater  but  the  velocity  is  several 
times  that  at  Flag  Point  Channel.  The  relationships  of  width  and  depth  and  velocity 
an  shown  belofw,  the  total  vohnne  of  the  river  having  increased  shghtly  bdow  the  Miles 
GSbeier  hridse  ligr  leodviog  water  fiNnn  the  GhOds^  Goodwin,  and  smaller  gWeia.  In 
tlus  table  high  water  widths  and  dq>th8  are  used*  baft  the  veloeitiee  are  detennfaied  at 
▼arioos  stages  of  liver  and  are  not  so  directly  oompaiable. 
I 

Tabus  Showdko  Widths,  Depths,  amd  yiuxams  of  Copphb  Rivhb  on  Its  Dmuu, 


Name  oj  Channel 

laM 

pir flour 

Iffiles  Gkeier  Bridge 

1500 

S8to40 

0  to  It 

Flag  Point  Channel 

8200 

OtotO 

2 . 8  to  8  6 

Round  Island  Channd 

525 

80 

8.2toS.4 

Hotcake  Channel 

720 

18 

It  magr  be  of  inteiest  to  oompare  and  oontrast  the  conditions  at  the  head  of  the  Co|^^ 
River  ddta,  where  the  river  is  in  a  sm^  ehanwel,  with  thoae  at  the  three  distiQnitaries 

to  the  south.   For  this  purpose  data  must  be  taken  from  (a)  the  i*hff"«**^  at  Sfika  Glacier 

Bridge  and  (b)  at  a  point  just  south  of  Childs  Glacier. 

At  Miles  Glacier  bridge,  where  tliere  is  a  1550  foot  steel  bridge,  the  river  level  varies 
from  1 16  to  140  feet  abovt?  mean  low  tide  at  sea  level,  giving  a  vertical  annual  range  of 
94  feet.  The  channd  is  8  to  16  feet  deep  at  low  water,  when  it  is  divided  by  a  great 
grnvd  bar.  At  low  water  the  vdocily  of  ^  ernient  is  8  to  8.8  mOes  an  hour,  but  even 
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wiUi  the  water  at  an  elevation  of  18S^  feet>  4ir  MSit^f  8  feet  bfllow  tibe  lii^  mfter  staee 

the  velocity  is  12.8  miles  an  hour. 

The  speed  of  the  current  increases  rapidly  at  this  bridge,  where  the  water  is  coming 
out  of  the  Miles  Lake  and  starthig  down  tiie  rapids  in  front  of  Childs  Glacier.  At  low 
water,  for  example,  the  velocity  of  1.6  miles  an  hour  about  1600  feet  above  the  bridge 
UMMMM  to  1.7  nihi  in  tiM  filrt  500  feet,  to  milet  ill  11m  1^ 
Ml  liovr  in  the  next  700  feet.  At  a  iwidiiiin  ita^e  of  water  the  velocity  increases  from 
8.7  niief  an  hour  above  the  bridge  to  6.1  milee  an  hour  800  feet  down-stream  bdow  the 
bridge.  A  long  series  of  velocity  determinations  were  made  by  the  railway  engineers  in 
the  summer  of  1908,  by  watching  witli  two  transits  the  rate  of  f^ow  of  icebergs  in  difTerent 
parts  of  the  river.  These  show  that  at  a  middle  stage  of  the  river  the  average  velocity 
at  this  p<unt  is  6.8  miles  an  hour.  By  measuring  the  cross-section  of  the  channel  and 
tlM  velodly  of  the  euROit  at  Twiaut  ftagee  of  water  it  is  poieil^ 
of  enbic  feet  of  water  wlddh  poee  this  bridge  in  a  eeoood.  At  high  water  this  exoeeda 
800,000  cubic  feet  per  second,  equalling  the  summer  volume  of  MiMiwippi  Biver  at 
New  Orleans.    At  low  water  it  falls  below  50,000  cubic  feet  per  second. 

Detailed  observations  show  that  the  river  is  highest  in  summer,  when  melting  of 
the  ghKoer  ice  is  the  greatest,  and  lowest  in  winter,  when  river  ice  generally  covers  the 
fiver  tan  November  to  the  last  of  Bfay,  or  first  ot  June. 

At  the  site  jost  soulli  of  ChiMs  Glacier,  wbere  the  bdlding  of  a  cnhngr  bridge  wee 
OBoe  ooDsidered,  the  channel  is  wider  and  sliaBower  than  at  Bdes  CSecier  Bridge.  It 
was  marlcedly  shallowed  by  deposition  between  1906  and  1908. 

The  river  descends  between  40  and  50  feet  in  the  3  miles  of  rapids  from  Miles  Lake 
to  the  southern  edge  of  Childs  Glacier,  a  grade  of  about  15  feet  to  the  mile.  The  grade 
is  much  flatter  from  this  point  to  the  bridge  at  Flag  Point,  averaging  ifnui  than  4  feet  to 
the  mile. 

Tlie  Fleg  Fdnt  crassiiig  oonsMts  of  a  700  fMA  and  a  800  foot  steel  bridge  weat 
Round  Uandt  and  two  intermediate  stretches  of  heavy  trestles,  cros.sing  the  sand  bars 
which  are  exposed  when  the  river  is  low.  The  river  level  at  the  Flag  Point  bridges 
varies  from  10.25  to  18  feet  above  mean  low  tide  at  sea  level,  so  that  there  Ls  a  vertical 
annual  range  of  eight  feet  in  tlie  river  level  in  the  portion  of  these  channels  near  the 
Flag  Point  bridges.  Here  detailed  soundings  and  determinations  of  rale  of  stream 
flow  were  made  in  1910  fagr  A.  O.  Johnson*  one  of  tlie  reihvay  engineen. 

The  veiodtgr  of  the  current  m  the  Slag  Foint  Channel  was  8.4  to  8.8  miles  an  hour 
in  August,  1910.  Here  the  low  water  channel  is  naitowed  to  600  feet,  with  an  increase 
in  velocity  due  to  constriction,  for  tlie  water  only  moves  2.3  miles  an  hour  north  of  the 
bridge  where  the  clianiiel  is  twice  as  wide.  The  depth  of  the  river  at  low  water  is  eight 
to  twenty  feet,  and  portions  of  the  cliannel  were  deepened  from  seven  to  eighteen  feet, 
wlule  other  portions  were  shaUowed  slightly  by  deposition  between  August,  1908,  and 
Ju^»  1911^  showing  how  rapidly  the  channels  of  a  great  glacial  stream,  heavily  laden 
with  sediment,  may  vaiy.  This  may  be  due  in  riight  amount  to  the  interference  with 
normal  conditions  by  Ihe  piers  of  the  bridge,  but  doubtless  it  mainly  represents  the 
variations  in  the  bottom  profile  of  a  glacial  stream,  for  the  sections  between  bridges 
were  also  markedly  deepened  between  1008  and  1910. 

The  Bound  Island  Channel  is  crossed  by  a  560  foot  steel  bridge.  Here  the  velocity 
varies  Ikom  8.8  to  8.4  miles  an  hour,  the  depth  finn  f  to  SOJleetbdoirliNrinifeer, 
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aad  tbe  diaiiiiai  detfMned  1ft  feel  in  miim  portioiM  mllillBd  1ft  fcet  in  otlieii  Iw- 
tirem  August,  1M6,  and  Aiaiiist»  1010^  in  tliit  etm  dnrly  at « iwolt  of  interfennoe 
with  the  current  1^  ttie  piefs  of  the  bfid^ 

Six  miles  farther  to  the  northeast  where  the  railway  cresset  the  eastern  distributary 
of  Copper  River  from  I/ong  Island  to  the  eastern  bank,  there  is  a  main  stream,  Hotcake 
Channel,  and  several  minor  ones.  Ilotoake  Channel  is  crossed  by  a  200  and  a  400 
foot  steel  bridge  and  an  intermediate  trestle.  This  channel,  15  miles  from  the  ocean, 
ii  Irani  1  to  8  leet  deep  at  loir  irator,  tlw  knr  water  stage  beiog  81  Iset  abofve  mean  kur 
tide  at  sea  levd  and  the  laage  of  river  bvd  hang  about  7  feet 

Throughout  this  portidn  of  the  Copper  River  ddta  the  detiuled  soundings  aflfoid 
an  especially  good  opportunity  of  watching  the  future  yariations  of  a  glacial  stream, 
the  shifting  of  sand  bars  as  revealed  at  low  water,  and  the  cutting  and  filling  in 
vunous  parts  of  the  channels,  as  they  may  be  revealed  by  soundings  near  the  railway 
bridges. 

Co»m  IhfOtiU  qf  th$  OhM  Sirmmt  on  At  DeUa.  The  surf  aoe  material  in  the  ont- 
vadli  deponta  of  Copper  Bher  delta  has  ahteady  been  wpokm  of  as  gwvd,  sand*  and 

nit  or  clay.   The  same  materiak  are  found  for  a  considerable  depth  htSaw  tiie  surface. 

At  the  Miles  Glacier  bridge,  for  example,  the  river  is  in  a  50  foot  gorge  and  borings 
extend  to  a  depth  of  40  to  50  feet  below  the  bed  of  the  Copper  River,  revealing  such  a 
section  as  the  following,  in  which  the  exposed  c  liff  on  the  south  bank  of  the  Copper  River 
supplies  the  upper  56  feet  and  the  sinking  of  the  caisson  for  Pier  2  of  the  railway  bridge 
IliB  nmaindflr. 


Section  or  Coarsb  Glacial  Outwash  Deposits  at  Miles  Glacier  Bridge 


WW^^FWWWW^^^^W      WWW  WW 

Bofwlden,  gravd  and  sand  * 

M 

Laige  bowlders 

8 

Large  bowlders,  lying  in  cemented  sand,  gravel  and  mH 

11 

Large  bowlders  in  loose  sand  and  gravel 

4 

Occasional  bowlders  in  loose  sand  and  gravel 

S 

Bowlders  in  loose  sand  and  gravel 

Coane,  heavy  sand  and  gravel 

$ 

Compaet  sand  and  gravel,  growing  nwce  conpaet  at  bottom 

6 

Totid  thickness  revealed 

88  . 

Borings  below  the  bottom  of  the  river  at  the  railway  bridge  across  the  Flag  Point 
Channel  reveal  the  following  sections,  all  thicknes-<es  being  given  in  feet.    All  these  de- 
posits except  tJic  first  in  tlie  left-hand  column  (sand  and  gravel,  18  feet)  are  below, 
tlie  high  water  surface  of  the  river. 

*  From  the  sitrfuci^  of  the  pliiin  uf  uutwa«h  gnvela  at  Milm  GlacMr  rwliny  sUtioa  to  the  iwlMe  ol  Um 
gnvd  bar  in  the  middle  o!  Copper  River. 
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SacrnxMB  or  Fnn  Glacial  OurwAflH  Dbposits  at  Whstbbn  Bbidcbb  acboob  Flao 

Fom  CHAxnoBi 


Material 

ThickneM 

Maierial 

Thicknesa  | 

Malmial 

Tkideae4* 

Sand  and  gravel 

18 

Sand 

4 

Sand  and  grnvd 

4 

unreoonwu 

6 

Fine  sand 

6} 

Glacial  mud 

4 

Glacial  mud 

7 

(Sea  level) 

(Sea  level) 

(Sea  level) 

Fbegravel 

7 

Fine  sand 

15 

Fine  sand  and 
gravel 

18* 

Coarse  gravel 

17 

Sand  and  gravel 

18 

Coarse  sand  and 
gravel 

19 

flttt  and  tiyifafMm 

18 

Gmvd 

11 

8%U  and  9090- 

iation 

8 

Gwvd 

« 

Sand  and 
gmvel 

ft 

Sand 

18 

The  first  point  concerning  tliese  sections  is  that  they  show  moderate-sized  material, 
compared  with  the  bowldeiy  outwash,  shown  in  the  section  (p.  461),  iO  miles  to  the 
moiOk  aft  Mikt  C^acier  bridge. 

of  the  sand  or  gEsvel  byeia  ihoifB  the  nomial  horiioiital  ymna&m  to  imr 

deposits. 

Eight  other  borinfrs  between  this  point  and  Long  Island  show  similar  relationships 
and  variations,  which  indicate  that,  in  the  past,  there  have  l^en  the  usual  differences 
in  velocity  and  carrying  power  of  this  glacial  stream,  whidi  alternates  in  d^xwiting 
aaod,  gravel  and  lilt  lliaae  borings  go  50  to  80  feet  beloiraeaIevd,lmt  the  tot^ 
neaa  of  tiiegladal  depoaiU  of  the  Copper  Bhrerddtok  quite  udoM^  SixiiiileaiBithflr 
northeast  at  HotoakeChaiuiid  the  boringi  dm  anmlargmT^  behnr 
aea  level. 

Vegetation  Indicating  Sinking  of  the  Land.    The  presence  of  vegetation  in  the  siJt 
at  a  depth  of  20  to  40  feet  below  sea  level  in  two  of  these  borings  shown  in  the  table 
and  in  two  others  to  the  eastward  shows  that  the  Copper  River  delta  has  been  subjected 
to  n  aalmiergenoe  in  leoent  timies,  as  ia  the  oaae  in  parte  of  Fkm^ 
westward,  as  wdl  as  80  miles  east  near  Controller  Bay. 

In  the  latter  locslily  E.  C.  Hawkins  states  that  in  putting  down  borings,  to  see  H  it 
was  possible  to  support  a  railway  trestle  on  piles  in  the  shallow  Bering  Lake,  a  layer 
of  peat  was  encountered  30  feet  below  the  surface.  As  the  tide  now  rises  into  this  lake 
the  depth  of  this  peat  layer  below  sea  level  is  about  the  same  as  on  the  Copper  River 
delU. 
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JMoKtiamUfy  the  iMtuve  of  tlie  buried  vogetotioii  in  tbe  borin^i  at  ¥hg  Foini  is 
ami  ipecMed  forUiar,  but,  whether  the  vegetatioii  was  peat  from  a  salt  marsh  or  {nob- 
'Wttag  marsh,  or  stranded  tree  trunks,  it  is  clear  proof  of  sinking  of  the  land.  It  is  incon- 
ceivable that  water-lodL':<'d  trees,  for  example,  should  happen  to  be  buried  in  one  layer 
that  is  now  SO  or  40  feet  below  sea  level  in  ail  four  of  the  sections  and  that  elsewhere 
in  the  depotiits  there  should  be  none. 

Tliii  praoff  that  tiie  laat  inovcment  of  tiiit  ooMt  fine 
becanae  there  has  abo  been  post-glacial  fXgXSt  of  this  same  coast,  shown  on  Win^iam 
Island  forty  miles  to  the  southeast,  where  tfaoe  aie  l^)lifted  dits  containing  striated* 
glacial  pebbles  and  marine  fossils. ' 

Extent  of  Ontxcash  Deposits.  The  deposits  of  outwash  laid  down  I)y  glacial  streams 
on  the  Copper  River  delta  itself,  on  the  valley  train  of  Martin  River  Glacier,  and  on 
the  outwash  plain  of  Sheridan  and  Scott  Glaciers  form  an  area  of  approximately  500 
square  nfles.  They  vary  in  character  from  bovridety  congkmrerates  and  coarse  graveb 
aft  llie  head  of  the  ddta  near  Ch*Hf  and  Olty4yrg  to  fine  sand*  alt*  niud*  and  day 
in  tbe  outer  Copper  River  delta.  They  vaiy  also  in  shape,  the  upper  portion  of  the 
Copper  and  Martin  River  deposits  forming  a  smooth  outwash  plain,  the  lower  deposits 
of  the  same  rivers  forming  a  smooth  delta,  while  the  outwash  gravels  of  the  Sheridan* 
Scott  and  adjacent  glaciers  form  an  outwash  apron  of  coalescing  alluvial  fans. 

VaUeg  Train  qf  Martin  Rkm,  The  outwash  deposHs  of  the  Martin  River  Glacier 
w«ai  of  the  tenntnas  of  that  i^adot^  htm  a  length  of  10  mUes  and  a  iridth  of  bom  8| 
to  5  miles  up  to  the  point  where  tiwy  jom  the  outwash  deposits  of  Copper  River  vafley. 
They  are  dense^  forested,  where  stream  deposition  is  no  longer  going  on*  but  barren  along 
the  present  streams.  The  course  of  tlie  Martin  River,  which,  in  1905,  emei^ed  from  the 
glacier  near  the  northern  side,  joined  by  braided  streams  from  a  small  cascading  glacier, 
curves  southward  across  the  whole  valley,  because  of  the  presence  of  a  recessional  moraine 
tfneo  miles  irast  of  the  present  twimnms  of  the  glacier,  wbidi  Internets  the  vna  stope 
of  the  outmsh  gnvds.  The  present  positkm  of  Bfiartin  Bint,  dose  to  the  sontfaetn 
ride  of  its  vaDty*  has  resulted  in  the  buildmg  up  of  the  valley  train  bi^er  than  the  mouths 
of  five  or  more  tributary  valleys,  in  each  of  which  the  water  is  pomied  back*  focming 
pxxi-sized  lakes  which  have  lieen  descril>ed  by  G.  C.  Martin.' 

Alluvial  Slope  of  the  Western  Edge  of  the  Delia.  The  outwash  deposits  of  Sheridan 
and  Scott  Glaciers  form  a  confluent  outwash  plain  with  so  even  a  slope  that  the  Copper 
Birer  and  Northwestern  Railway  has  been  built  across  it  with  a  perfecQy  stniight 
stretch  of  trade  for  over  eleven  miles.  The  iurfaoe  rises  and  falls*  however*  in  a  aeries 
of  broad,  low,  alluvial  fans,  but  the  track  is  built  over  the  undulating  surface  without 
much  grading.  Along  the  line  of  tlie  railway  tlie  highest  point  Is  49  feet  above  sea  level, 
and  the  lowest  point  15  feet,  so  tliat  the  maximum  relief  is  84  feet.  These  fans  are 
higliest  near  the  present  streams,  or  the  places  where  large  streams  formerly  flowed  for 
a  long  time,  the  differences  in  levd  between  the  axis  ot  an  individual  alluvial  fan  and 
thn  depreeiwu  on  one  side  being  84  feet  in  ft  miles,  U  feet  in  1  waSk,  ete,,  aooordfaig 
to  the  fine  of  the  section  with  reference  to  the  head  of  the  fan. 

Tliere  are  five  main  aOnvial  fans  on  the  outwash  gravel  plain  of  the  Sheridan  and 

•  Ifaili^ 6.  CfMLSMI,  U. &  GeoL  Svngr.  It08, pp.  4^ 
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Soott  GHaam  yrhum  wJatinnAipi,  wbien  oroMed  by  tiie  ttShn^t  «e  dmnm  m  tta 

following  tabic.  This  table  shows  clear^^  that  the  glacial  streams  abandon  the  higher 
points  of  tlieir  alluvial  fans  when  they  are  built  to  a  certain  height,  for  at  the  time  this 
railway  leveling  wa.s  d<Mie  only  one  of  the  five  fans  had  a  stream  vcpoa  its  crest  and  that 
was  a  very  small  one. 


Tablb  Showino  a  GBOM-SBOTioir  or  Auxiyul  Fam  Wmt  or  Gon»  Bnrn  'Dmok 


I  ontton 

 _____ 

EUavation 

Position 

lyistance 

1 

1   A»c«nt  or  De- 

on  Fm 

ta  MUm 

temt  in  Fmt 

Eastern  alluvial  fan 

East  Sheridan  stream 

15 



Small  stream  at  Blile  Post  17 

49 

Crest 

8 

+84 

N€trMll«P«Mtl5 

tt.f 

8 

-16 

Second  aUavial  fan 

Near  MUe  Post  14 

43  0 

Crert 

1 

+11 

.  If 

— 11 

Near  Mile  Post  13 

Sl.tf 

1  nird  alluvial  fan 

InMUeU 

48 

Crert 

+10t 

Near  Mile  Fort  11 

88 

1| 

-14 

Fourth  alluvial  faa 

Near  MUe  Port  10 

;J5 

Crert 

+7 

Main  Scott  Stream 

16 

1| 

-10 

Fifth  alluvia]  fan 

Middle  of  Mile  7 

to 

Crest 

+4 

At  Mile  Fort? 

15 

-5 

Bfiddleof  MlkO 

18.8 

Outlrt  of  Eiyak  Laloe 

19.7 

+n 

Tliia  outmuh  gravel  plain  gn 

ides  tofiedii 

naniit  tlie&  to  salt  man 

but  in  the  area 

between  the  Copper  River  and  tlie  Sheridan  4 

Shuaer  sties 

ms  the  salt 

mawh  etteadisp 

to  the  mountain  base. 

Relation  of  Out  wash  Deposits  to  Maintenance  of  the  Railway.  Two  points  stand  out 
in  connection  with  the  building  of  the  Copper  River  and  Northwestern  Railway  on  the 
Copper  River  delta.  One  is  the  ease  of  original  construction  upon  these  smooth  alluvial 
fans,  delta  plain,  and  valkj  tiatn,  aside  Ihibi  the  necessaxy  fitting  in  swancips  and  oa 
quictosnds.  The  oliher  is  the  threat  of  eqiense  d  maintfmance  of  the  nihnigr. 

The  danger  that  tfate  Sheridan  Glacier  might  advance  two  and*  one^ialf  nules  sad 
destroy  the  railway  now  seems  practically  negligible,  but  th(^  danger  that  it  msj  advaaee 
slightly  and  tliat  the  streams  from  it  may  shift  and  necessitate  new  trestles  or  may  bury 
the  track  in  places,  as  at  Spencer  Glacier  on  the  Alaska  Northern  Railway,^  is  an  immi- 

•  Tarr.  R.  S.  and  Nfartin,  T.awrence,  An  KxpcrinMut  in  CotttraUiiig  a  Qsdal  StnaB»  ^watlt  hmK 
Amer.  Geogra{thera,  Vol.  11.  191«.  i>p. 
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Plate  C  LXXIX 


Map  of  the  Broad  Middle  Portion  of  the  Copper  River  Canyon 
Between  Tasnuna  River  and  Allen  Glacier.  (After  U.  S.  Geological  Purvey.)  Hanging  valleys  shown  by  letter  h. 


Plate  CLXXX 


B.   Dktaiij*  or  KnuHiws  and  Rmnr^  Shown  in  Upper  Iixi'stratiox 


Pl.\te  ("LXXXI 


A.   View  in  the  Broader  Middle  Portion  or  the  Copper  Rmai  Canton 
Upper  limit  uf  glaciatiua  near  a,  a.  beluw  whicli  the  slopes  are  smoothed  by  glacial  erusiun.  Phutograpb  by  E.  A.  Ilcgg. 


B.   The  Cupper  River  in  Itm  M.vrcinal  Channel 
Prec-ipilous  eiislem  wall  of  cnnyun  un  left  and  Allen  Glacier  on  right. 
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GIACIATION  OF  LOWER  COPPER  RIVER 


Bentone.  fionie bmhiito of aamial eqwow Iw new iMrtfef 

is  to  he  looked  for,  even  if  the  adjMent  gladen  reBMin  tlstkinaiy  or  retreat  slowly. 

Tlie  second  threat  of  extra  expense  of  maintennnce  comes  from  the  Copper  River  be- 
tween tlie  Flag  Point  and  Hotcake  Channels.  Tlicre  have  been  changes  in  tJie  stream  bed 
in  even  ttie  sliort  time  since  the  bridges  were  built.  While  the  steel  spans  were  being 
erected  the  temporaiy  trestles  beside  them  constantlty  had  to  have  new  piles  driven, 
because  the  comni  had  undenaiiied  them.  The  steel  bridges,  built  on  ooocieie  j^m, 
seem  salet  thoa^  not  as  safe  as  if  it  had  been  posmble  to  erect  the  insn  upon  sdid  rodk^ 
isther  than  upon  piling.  The  chief  danger  alluded  to,  however,  is  not  that  of  undercuttiBg 
by  erosion,  but  of  stream  deposition.  Unless  artificially  confined,  the  time  will  come 
when  the  several,  heavily-loaded.  Copper  River  distributaries  will  shift  out  of  their  pres- 
ent channels  as  they  are  silted  up,  leaving  the  expensive  steel  bridges  high  and  dry,  and 
necessitating  ncnr  bridges  wherever  the  new  fhamwls  establish  themselves.  The  rail- 
way enpneen  have  to  deal  with  what  is  to  them  a  new  Igrpe  ol  stream  and  even  the 
experience  in  attempting  to  control  the  lower  Miiwiiaq>pa  and  m  oonectilig  small  glacial 
streams  in  the  Alps  will  fail  to  furnish  adequate  data  as  to  what  a  source  of  trouble 
and  expen.se  a  glacial  stream  may  be  to  a  railway  and  how  it  may  best  be  coped  with, 

Fiyie  Glacial  DepnuUs  of  the  Outer  Edge  of  the  Delia.  We  lark  detailed  information 
regarding  the  nature  of  tiie  Copper  River  distributaries  between  the  railway  bridges 
and  Hie  sea.  It  is  thought,  however,  Oat  the  grade  oonthnias  to  flatten,  Ranltmgin 
tlie  defwsilMa  of  the  eoaner  siH  eaicied  in  sniiwiiBM^ 

shallower  channels  and  tidal  skm^  soatli  of  Flag  l^ohit,  wheie  tiie  liver  is  navfgahle 

only  by  small  boats. 

The  bottom  of  Copper  River  is  from  10  to  ^0  feet  }>elow  sea  level  at  the  Flag  Point 
and  Round  Island  Channels,  though  slightly  beyond  the  range  of  the  tides  and  over 
twelve  miles  from  the  ocean. 

I^KHk  the  edge  of  the  Copper'Biver  delta  the  Coast  Swey  charts^  Aaw  a  horiaootal 
mi^  of  the  tide  of  several  mOes.  Offidiote  from  the  Scott  and  Sheridan  Caaeien> 
lor  example,  continuous  tide  flats  are  exposed  for  distances  of  from  5  to  7)  miles  at 
mean  lower  low  water.  The  vertical  range  of  the  tide  is  only  ten  feet,  showing  that 
the  slope  is  very  slight  indeed.  Crossing  these  tide  fiats  are  small  channels  or 
sloughs,  navigable  only  by  launches.  More  than  two  miles  from  shore  at  tlie  eastern 
edge  of  the  delta,  near  the  mouth  of  Martin  River,  there  is  a  depth  of  only  1^  to  S  feet 
at  mean  lower  low  water.  Opporite  the  middle  of  Copper  Biver  delta  thoe  are  depths 
of  only  54  to  102  feet  nearly  nine  miles  oflidiose,  beyond  which  the  water  deepens  to 
414  feet  in  less  than  two  miles.  The  bottom  material  is  sticky  mud,  and  the  Padfic 
Ocean  is  discolored  for  over  twenty  miles  offshore  by  the  glacial  silt  in  suspension,  part 
of  which  goes  westward  and  has  helped  fill  Orca  Inlet.  The  nature  of  tlie  fine  glacial 
sediment  deposited  on  the  outer  part  of  the  delta  and  exposed  on.  the  mud  flats  at  low 
tide  is  well  jmBcated  by  Seton  1^,*  who  teDs  of  Us  eqierienise  ii  crossfaig  the  border 
of  the  ddta  in  1886  in  a  canoe  with  several  naiivea.  They  weietiaveimginrideaBneof 
san4y  isbuids,  which  furnished  protection  from  the  waves  of  the  Pacific,  and  when  the 
I  tide  was  too  low  to  float  the  canoe  any  longer  they  were  able  to  continue  by  sliding 
I  it  ov^er  the  slippeiy  surface  of  the  tide  flats,  continuing  to  sit  in  the  cauoe  and  push  it 

'       1  U.  S.  C(Mal  and  Cpod.  Survey.  Charts  SriOi.  Hr,iO,  and  8513. 

I       t  Setoo  Kwr.  11.  W.,  Shores  and  Alp*  ol  Aiuka.  London,  1867,  pp.  167-168,  171. 
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•kmg  with  tbe  paddlM  tAile  »  UtUe  water  veauined  and,  alter  that,  draggiDg  it  easi^ 
over  the  bare,  aHppery  surface  of  the  fine  gbcial  Mdanoit. 

Wind-Blown,  Glacial  DeposU»  ok  lib  Delia.  In  a  number  of  places  sand  dunes  rise 
above  the  Copper  River  delta  to  a  considerable  height.  The  material  is  sand  formerly 
carried  out  hy  glacial  streams.  There  are  large  sand  dunes  80  to  40  feet  high  on  Long 
Island,  just  east  of  the  Round  Island  Channel,  which  necessitate  sand  sheds  along  the 
railway.  There  is  another  large  area  of  sand  dunes  in  the  160  foot  hill  visible  to  tbe 
south  of  Long  Island.  There  are  also  sand  dunes  east  of  Hotcake  CSfeannel,  as  wefl  as 
oo  Egg  Islands  and  other  sand  bars  to  the  eastward.  The  latter  have  been  bu3t  op  Igr 
the  surf  in  the  shall  o^v  water  off  the  delta  front.  From  Softuk  Bar,  near  KataUa,  to 
the  mouth  of  Orca  Inlet,  these  sandbars  form  an  incomplete  barrier  5  to  30  feet  hi^ 
and  4  to  7  miles  off  the  front  of  the  Copper  River  delta.  While  most  of  this  sand  comes 
from  the  Copper  River  and  adjacent  streams,  some  is  dmil  tle«s  supj  lied  by  the  ftla- 
cial  streams  from  the  Bering  Glacier  in  Controller  Bay  and  moved  along  shore  by 
llie  UMlwaid-aettiiig  cmientB. 

Ahhough  a  normal  delta  in  many  respects,  and  with  nonnal  depoutioB  fay  water, 
modified  by  the  rise  and  fall  of  the  tide,  by  alongshore  currents,  and  by  wind  work, 
the  Copper  River  delta  is  conspicuous  as  the  terminus  of  a  great  area  of  outwash  deposits, 
brought  by  the  great  vdume  of  sediments  from  the  |»esent-day  and  former  giacien  of 
this  region. 

The  Drifties*  Area  Near  Alaganik.   An  unforeseen  feature  in  connection  witii  the 
*  ftmMr  wipanrinn  of  the  gladeia  near  the  Copper  Bivor  delta  and  the  emioo  meeam 
pIMied  by  them.  Is  the  abaenoe  of  any  mdicalMn  of  glaiwfi^  along  parte  ol  tiie  moaa- 
tain  front  between  Sheridan  Glacier  and  the  Copper  River.   At  several  pointa  along  the 

railway,  as  near  Ala<:anik.  there  are  rock  pinnacles  standing  out  from  the  mountain 
front  and  resembling  stacks  along  a  sea  shore.  Such  forms  as  these  are  easily  overturned 
by  a  glacier,  and  it  seems  quite  probable  that  they  are  stacks  produced  by  the  waves  of 
the  Pacific  before  the  Copper  River  delta  was  built.  They  cannot  be  considered  shore 
foma  prodnoad  after  the  retreat  of  the  glader,  for  than  is  no  wrplanatwrn  of  the  hSkm 
of  tiw  vama  to  remove  the  evidenoee  of  gladation  at  other  points  on  the  ooaet  end 
hi^Mr  above  sea  level  than  this. 

The  conditions  in  the  glaciated  areas  adjacent  to  tlie  driftless  region  are  unmistakal)lp. 
That  the  ice  expanded  for  some  distance  outside  the  mountain  front  in  the  region  west 
of  this  driftless  area  is  shown  by  the  fact  that  tlie  lower  rock  ledges  in  Uie  vicinity  of 
Sheridan  Glacier  bear  striae,  and  thoe  are  many  roches  moutonnifie  rodcs,  like  the  one  ^ 
al  the  front  of  SheriRlan  Glacier:  there  are  extensive  cirqoaa  in  the  moontaina  weak  of 
Soott  dadar,  nhcre  there  is  a  hangmg  valley  half  way  between  Soott  Gkuaer  and  Urn 
nulway;  the  valley  containing  Eyak  Lake,  between  Scott  Glacier  and  Cordova,  wat 
much  deepened  and  had  its  lower  sloi)es  steepened  by  the  expanded  southern  tongue 
of  Shephard  Glacier,  which  filled  tlie  whole  valley  of  Eyak  Lake;  along  the  raih\ay, 
striae  on  the  rocky  spur  projecting  into  Eyak  Lake  from  the  south  show  that  the  ioe 
tongue  spht  on  this  point,  sending  one  glacial  distributary  southwestarard  peat  Gotdeiva, 
and  the  other  aontfaeaatwaid  to  join  the  expanded  Soott  Glaeier.  AH  of  tlia  ^neid  ; 
drift  betaraen  Eyak  Lake  and  tlie  diiflleas  area  at  Alaganik  is  outwash,  exoept  for  He  j 
eastern  tenninal  motaine  of  Sheridan  Glader  irfueh  oontaina  till  and  abundant  gianila 
bovldecB.  ! 
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But  flf  tin  driftbH  an*  the  oonditioas  aie  Bk^^  The  ovenleep- 

coed  wefltern  wmll  of  the  f onner  Copper  Biver  fkml  between  Fickett  CUacier  and  ¥\Bg 

Point  shows  that  the  trunk  glacier  of  the  Copper  River  valley  extended  aouth  of  Flag 
Point.  Saddlebag  Glacier  valley  also  shows  unmistakable  evidence  of  fomer  eiipaaakm 
as  does  the  valley  of  Salmon  Creek  and  McKinley  Lake. 

Between  Uiese  regions  is  one  where  absence  of  striae  on  the  rock  ledges  and  of  erratics 
in  ihe  soil  seems  to  point  to  absence  of  invasion  by  glacial  ice.  The  incoherent  material 
fomnqg  tbe  flat  floor  ol  the  icgiaii  ii  all  fine  ntt  The  new  nulway  citta  affbid  ample 
^l|HHlr^^i'^My  to  And  lonigD  bowlden*  but  none  w«ie  found.  The  western  boundaiy  of 
tiie  driftless  area  is  well-defined.  On  the  railway  it  is  almost  eight  mika  W«8t  of  the 
Copper  River,  where  a  well  marked  terminal  moraine  of  Sheridan  Glacier  crosses  tlie 
track,  6^5  feet  east  of  Mile  Post  19,  The  eastern  boundary  is  less  certain.  No  signs 
of  glacialion  are  visible  along  the  railway  in  the  eight  miles  eastward  to  Flag  Point, 
and  it  is  uncertain  how  far  outside  the  mountain  front  the  Saddlebag  and  MffKlnlfy 
Lake  Glacien  eipandad. 

Tbe  canae  of  this  driftless  arc*  waa  that  the  eipanded  Scott  and  Sheridan  Gladen, 
whidi  aiqMffently  united  to  form  a  piedmont  ice  tongue,  probably  extended  southward 
far  enough  to  coalesce  witli  the  trunk  glacier  from  the  Copper  River  canyon.  In  the 
angle  between  these  glaciers  and  the  mountain  front  there  is  a  small  driftless  area,  not 
overridden  by  the  maximum  glacial  advance. 

V«gdalim  mi  As  Fcnm  Aimme§  rf  GUmm  ut  Ifta  Copptr  Bhtr  Cmnffon.  Beaidea 
Ike  intftuJsliiiB  rdattwnshqia  of  trees  and  dimba  growing  upon  the  dirtoovwed  ioe  of 
MUes,  Grinnell,  Allen,  Hensy,  and  sevoral  other  ^aoiers,  as  already  described,  the  vtgb' 
tation  in  the  Copper  River  region  tells  a  specific  story  of  its  recent  facial  histmy.  The 
Copper  River  delta  and  the  southern  part  of  the  canyon  support  a  dense  coniferous 
forest,  exce])t  where  treelessness  is  caused  (a)  by  ocean  water  on  the  tide  flats  and  salt 
marshes,  or  (b)  by  aggrading  glacial  streams  on  the  outwash  gravel  plains.  The  spruces 
are  abmidani  Ikom  die  ocean  iqi»  to  MdPltonon  C9acier»  but  not  north  of  theio»  tiiovi^ 
ttere  h  a  tfudk  fSmat  of  oottonirooda  and  alders,  and  one  baby  spnioe  waa  seen  near 
Idea  Glacier  bridge.  From  this  point  norUiward  no  conifers  were  observed  in  Ibe 
Copper  River  canyon  south  of  the  Tasnuna  and  Brcmner  Rivers.  Nortli  of  Tasnuna 
River,  however,  there  are  spruces  along  the  canyon  bottom  and  its  lower  slopes,  but  in 
the  Copper  River  basin  north  of  Wood  Canyon  and  near  Chitina  there  is  thick,  mature, 
qpnice  forest. 

T%e  dSstribttUwi  of  vegetation,  therefore^  iliflwa  a  practical  abeenee  of  spnioea  and 
hrf^^^  for  neai^y  ^  miles  afeng  the  Copper  River,  wliifo  at  «th»  end  tiicie  is  dense, 
mature,  ooaifaoos  forest.  Tlie  40  mile  strip  which  has  no  conifers  is  not  barren,  but 
is  thickly  covered  with  cottonwood  and  alder,  wherever  the  slopes,  the  glaciers,  and  the 
glacial  streams  permit.  Throughout  the  region  the  vegetation  is  terminated  upward  by 
a  nOTmal  timberiine. 

To  aoooBBt  fair  this  distiibatisn  we  postnlate  a  recent  period  of  expansion  of  the 
^■ciers  between  Taamma  River  and  MicPherson  Glaciar.  The  retreat  from  this  ex- 
panded stage  was  long  enough  ago  for  oocnpation  of  the  40  mile  strip  by  aUecs  and 
eottonwoods  and  for  a  commencement  of  oocnpation  fay  the  ooniieEs,  as  in  the  case  of 
tte  jonng  i|»ioe  near  Miles  Glacier  bridge. 
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Mr.  W.  6.  W«S|^  €l  fhe  U.  S.  Fomt  Serviw  ]iM  M>ed<^ 
titvoughout  upper  Glacier  Bay  near  the  Molr  Glacier  and  in  many  other  plaoM  in  MU^ 
east  Alaska  so  evidently  the  result  of  recent  glaciation  that  I  have  been  prone  to  attrib- 
ute the  absence  of  timber  on  the  Copper  River  to  the  same  cause,  yet  there  may  be 
other  causes.  One  possible  cause  of  this  absence  of  timber  worthy  of  consideration  is 
that  the  spruce  found  near  the  mouth  of  the  Copper  River  is  tideland  spruce  {Ficea 
mee*m«w)  aoduoi^rloiadnetrtideinrte^  Thibwpnn 
found  on  the  Branner,  Ttmanm,  Chitma  and  other  portiong  of  the  iqiper  Copper  Rmr 
b«in  is  known  as  white  spmoe  {Piem  tanadensis)  which  is  one  of  the  spruces  found 
throughout  the  interior  and  other  portions  of  Alaska  but  is  not  fouad  in  the  excessively 
wet  belt  along  the  coast  from  Seward  south.  Another  condition  which  may  largely  be 
responsible  for  the  absence  of  timber  in  tliis  region  is  that  the  Childs,  Miles  and  Allen 
Glaciers  even  yet  form  a  great  barrier  between  the  timbered  regions  of  the  upper  and 
1mm  Copper  Biver  and  the  indSwtioin  are  tliat  in  quite  recent  tinee  tbii  ioe  field  im 
moA  leiger  than  it  b  at  pveaent,  lieffloe  fonned  »  greater  barrier.'* 

It  seems  probable  that  this  distributi<m  is  due  to  an  actual  readvance  of  the  ice  tongues 
in  the  forty  mile  strip,  ratlier  than  a  lingering  of  glaciers  there.  This  is  shown  by  the 
thick,  mature  forest  nortli  of  Tasnuna  River  and  in  tlie  Copper  River  basin  near  Chitina. 
Here  all  forest  was  certainly  removed  at  the  stage  of  maximum  glaciation,  for  the  ice 
was  thick  enough  to  extoid  above  the  timbnline.  We  tiibik  it  unlikdy  that  the  cooi- 
fen  readvaaoed  to  the  Copper  Biver  badn  bgr  mqr  of  Hie  degladated  Copper  Biver 
caiqroii  because  of  the  difference  of  qMGieedeacribed  by  Wei^e.  It  seems  more  probabb 
that  the  unglaciated  territoiy  to  the  westward  near  Cook  Inlet  supplied  tliis  aorthcoi 
region  with  conifers.  The  lingering  of  conifers  at  the  mouth  of  the  Copper  River  canyon 
during  the  stage  of  maximum  glaciation  was  made  po.ssible  by  the  leaving  of  the  driftless 
area  near  Alaganik  and  of  driftless  areas  to  the  west  on  Hinchinbrook  Island,  and  prob- 
ably alao  to  Hie  eaet  In  the  Controller  Bay  coal  field,  irhere  G.  C.  Martui*  atatae  Uiat 
at  the  maximum  stage  of  Bering  Glacier  the  ioe  roae  only  SOO  to  700 feet  above  tlw  ptee- 
ent  ice  surface,  which  we  interpret  as  below  the  timbcifine  of  tiiat  period. 

The  forty  mile  strip  from  which  the  conifers  are  absent  is  near  the  largest  glaciers, 
and  the  present  ^•egetation  of  the  Copper  River  canyon  is  in  an  intermediate  starre  l^e- 
tween  the  Prince  William  Sound  region, where  mature  forest  extends  up  close  to  the 
present  glaciers,  and  the  Yakutat  Bay  region,  where  the  readvauciug  forest  near  tlie 
ioe  fconta  is  even  knniatare  than  in  the  Copper  Biver  canyon.  Apparently  the  Heney. 
ADen,  Miles*  Childs,  Goodwin,  and  other  giaders  of  this  part  of  the  Chng^ 
advanced  and  destroyed  the  vegetation  in  part  of  the  Copper  River  caoyon  at  80O>e 
fairly  recent  period.  We  should  not  know  of  this  if  it  was  not  for  the  absence  of  coni- 
fers in  the  forty  mile  strip  l>etween  Tasnuna  River  and  Childs  Glacier. 

Glaciation  of  the  Jx)iver  Copper  River  Region.  The  present  stage  of  ghiciation  of  the 
lower  part  of  the  Copp>er  River  valley  is  one  where  the  larger  side  valleys  are  filled  with 
ice  tongnes,  projecting  into  tiie  main  vaOey  and  wpanding  tiwre  as  bnlbs  iviiicii  obstmet 
the  major  drainage  and  supply  Copper  Biver  mth  gnat  amounts  of  water  and  aadiwwit. 
A  fonner  stage*  poAiaps  repeated,  involved  tiie  ocoqiation  of  this  main  vaDcy  bjy  a 

1  Fanonl  oommoiealion,  Novmber  tl,  1911. 

tlinlia.  G.  C,  BdL  886.  U.  S.  G«ol.  Swv^,  1808*  p.  M. 
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great  tnmk  ^bder  (Fl.  dJUUUV)  to  yrbkh  the  expanded  BfDe8»  Oiildt,  ADen,  Heney^ 
aad  otter  i^aden  were  tributaries.  This  is  indicated  by  the  hanging  valleys,  as  well 
as  by  oversteepened  valley  walls,  eroded  spurs,  and  the  broadened  valley  bottom. 

"We  realize  that  many  problems  are  left  unsolved,  and,  of  these,  one  of  the  most  inter- 
esting  is  the  behavior  of  the  ("ojiper  River  during  earlier  stages  of  glaciation.  At  present, 
with  its  vast  volume  of  w  ater  and  its  steep  grade,  it  is  able  to  compete  with  the  glaciers 
«Dd  maintMTi  mattery,  though  hen  aod  then  drrarled  and  txaiuloniied  to  rapids  in 
tbe  itnig^  and  in  parts  of  its  eomae  Iraidened  with  a  load  ct  floating  ioe  to  be  borne 
■way.  In  eadier  stages  the  struggle  for  mastoy  between  river  and  gtaders  must  have 
been  different,  and  some  records  of  this  struggle  remain,  but  their  exact  intflspretattion 
eaDi  for  n  much  more  detailed  study  than  we  were  able  to  ^ve. 

These  glaciers  on  the  lower  Copper  River,  and  the  glaeial  phenomena,  are  of  more 
than  ordinary  interest,  because  of  the  fact  that  tliey  he  along  one  of  the  highways  to 
mtarior  Ahakn  wfaich  promises  to  be  of  increasing  importance  in  the  immediate  fittmie. 
Hmj  win  be  easi^  aceesaible  to  the  traveller  tan  now  on,  and  it  is  htg^fy  for  this 
lenson  that  we  have  devoted  so  much  time  to  the  glaciers  and  gladation  of  the  Copper 
River  region,  so  that  othen  may  continue  the  woik  which  we  have  merely  commenoed. 

Funcn  Whuam  Sodxd 

Tk§Pkimma€Raeur^fPrmo$Wmiam8a^  It  is  dear  that  at  the  stage  dmazinmm 

glaciation  Prince  William  Sound  was  occupied  by  a  great  piedmont  glacier.  It  was  fed 
by  the  expanded  valley  glaciers  of  the  fiords  between  Port  Valdez  and  Orca  Inlet  on  the 
east,  by  the  enlarged  ice  tongues  of  Columbia  Bay,  Unakwik  Inlet,  Port  Wells,  and 
other  fiords  on  the  north,  and  by  the  Passage  Canal,Port  Nelhe  Juan  and  Icy  Bay  Glaciers 
on  the  west. 

Its  genaral  eoctent  is  shown  in  FL  CLXXXIV,  n  geimraHW  map  upon  whadi  no 
attempt  has  been  made  to  show  the  complete  seaward  extent  of  this  piedmont  glacier. 

It  covered  all  of  the  lower  islands  and  rose  high  upon  the  slopes  of  the  tributary  fiords, 
but,  on  some  islands,  high  peaks  rose  through  it  as  nunataks.  Naked  and  Peak  Islands, 
which  are  1200  feet  high,  are  sho\vn  by  their  rounded  summits  to  have  been  completely 
overridden,  as  were  Green  and  Perry  Islands  and  the  more  irregular  Lone  Island.  The 
nunataks  were  on  Montague,  Knight,  and  Hinchinbrook  Islands  where  there  are  mapy 
horns  and  needles  among  the  summit  peaks. 

Ite  soifaoe  of  the  piedmont  Racier  may  be  restored  in  part,  as  is  shown  in  the  following 
table,  in  which  some  of  the  determinations  of  apprcnimate  heights  of  glaciation  were 
made  by  Gilbert,  some  by  Grant  and  Higgins,  and  some  by  the  National  Geographic 
Society's  1910  eqiedition.  All  altitudes  are  given  in  feet. 

Tabu  Showino  Hmmm  or  Glacsasioh  in  Princb  Whaiax  Soumd 

Harriman  Fiord  4000        Latouche  Island  MOO 

Columbia  Bay  4000        Hinchinbrook  Entrance  400 

FtetValdes  MOO        Ona  Inlet  9800 

The  points  in  the  first  column  are  in  nortiiem  Prince  William  Sound,  those  on  the 
light  hand  are  near  the  Pacific  Ocean,  and  Hinchinbrook  Entrance  is  about  midway 
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between  Latonchie  Uuid  can  the  weit  and  Orca  Inlet  on  tiie  eajsL  The  slope  of  the  former 

ice  surface  between  the  northern  and  southern  points  of  determination  ia(l)aboat  25  feet 
to  tJie  mile  from  Ilarriman  Fiord  to  Latouche  Island,  the  <^rade  flattening  in  the  southern 
portion  and  being  only  about  17  feet  to  the  mile  between  Knight  and  Latouche  Islands; 
(2)  about  60  feet  to  the  mile  between  Columbia  Glacier  and  Hiochinbrook  Entraace; 
and  (3)  about  50  feet  to  the  mile  between  On»  Inlet  and  HinchinbrookEntn^^  Thew 
grades  are  not  quite  aa  flteep  as  thoae  of  the  pretoitBialaspinA  Glacis 
ice  surface  of  Yakutat  Bay,  which  average  70  to  75  feet  to  the  mile.  It  will  be  noted  | 
that  the  surface  of  the  piedmont  glacier  not  only  doped  southward  from  the  northcm 
snowfields  toward  the  Pacific  Ocean  but  also  inward  from  the  eastern  and  western  snow- 
fields  to  a  low  axis  in  the  middle  of  the  sound.  This  low  axis  was  occupied  by  an  ice 
stream  which  probably  moved  with  some  little  rapidity^  because  it  led  to  an  outlet  at 

Bu$in»  «md  StAmatiM  ChamuU,  The  bottom  at  Pdnoe  William  Soond,  «00  to  400 
fathoms  dee|H  has  be^  sculptniod  into  basins  and  submarine  channels  by  the  move- 
ment of  ice  currents  of  the  former  piedmont  glacier.'  Tliese  channels  show  a  direct 
relationship  to  the  tributary  fiords.  Our  knowledge  of  the  submarine  topography  is 
based  upon  soundings  by  the  U,  S.  Coast  and  Geodetic  Survey,  supplemented  by  our 
own,  the  data  being  complete  except  for  the  northwestern  comer  of  the  sound  betweoi  ^ 
Kniglit  Uand  and  the  mouth  of  PasH«e  Canal— Port  Wells. 

The  largest  channel  (Kg.  78)  leads  from  Columbia  Bay  and  Valdes  Ann  to  Hin- 
chinbrook  Entrance.  It  is  about  forty  miles  long  and  7  to  10  miles  wide,  with  an  average 
dq>th  of  1200  to  1500  feet.  As  the  adjacent  portion  of  the  sound  has  a  depth  of  only  400 
to  700  feet  it  is  evident  that  this  channel  is  about  800  feet  deeper  than  tlie  portion  of  j 
the  sound  through  which  it  passes.  At  its  head  the  expanded  ice  streams  of  \'aldez 
Arm  and  Columbia  Bay  formerly  came  in  from  the  nurlheust,  joining  a  western  ice  stream 
l^om  between  Glacier  Island  and  tiw  Naked  Island  group,  ^Am  the  WsBs  Bay  and 
Unakwik  Inlet  Glaciers  evidsnlly  siqiplied  part  of  their  ioe. 

loe  streams  from  Port  Fidalgo  and  from  Port  Gravina — Orca  Bay  came  into  the  chaimfl  | 
from  the  east  and  it  is  these  that  famish  proof  as  to  the  origin  of  this  submarine  channel. 
Port  Fidalgo  has  a  hanging  valley  relationship  to  this  channel  as  does  the  united  Port  , 
Gravina— Orca  Bay.   The  different  amounts  of  discordance.  Port  Fidalgo  between  600  | 
and  700  feet,  Orca  Bay  900  to  1000  feet,  shows  that  these  submerged  hanging  vaUe>^ 
are  due  to  ^adal  erosion  and  that  the  great  snhmaime  dumnol  itself  is  the  resoH  oC  ioe 
sculpture.  It  also  has  the  icModed  basin  character,  being  400 feet diallowernearHi»>  j 
chinbrook  Island  than  it  is  a  few  miles  farther  nwth.  | 

West  of  this  channel  and  of  northern  Montague  Island  is  a  submarine  ridge  about  ten 
miles  wide  and  with  water  averaging  less  than  400  feet  in  depth.  Above  this  ndge  rise  , 
Naked  and  adjacent  islands.  Green  Island,  and  a  few  small  reefs.  ' 

A  second  submarine  channel  leads  southward  from  between  Naked  and  Knight  Is- 
lands to  Montague  Strait,  foUowfaig  doae  to  the  eastern  shove  of  Xni^t  Island.  It  is 
about  tfaurly-fiTe  miles  long  and  three  milee  wide  and  is  400  to  800  feet  dec|>.  Itaiebtive 
aanoiwness  and  shallownem  is  due  to  the  small  amount  of  ic  e  which  moved  down  it, 
most  of  which  probably  came  from  Unakwik  Inlet  and  Eaglek  Bay  and  from  local  gla- 
ciers on  Knight  Island.  Its  glacial  origin  is  shown  by  the  fact  that  its  northern  end  hangs 

>Bflan>S.F«  Fionbof  Pkiaco WBlUa  Sonnrt.  Mtdn,  UiyublMhed  tM^  Uainnitj of  Wiiooa^ Itll. 
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600  feet  above  another  channel  west  of  Knight  Island,  as  well  as  by  the  submerged  hang- 
ing valleys  which  it  receives  as  tributaries  from  the  eastern  side  of  Knight  Island.  Of 
these,  mention  may  he  made  of  Snug  Harbor,  Marsha  Bay,  and  Bay  of  Isles.  Within 
the  latter,  arc  tributary  coves,  forming  submerged  hanging  valleys  of  the  second  order. 
A  third  channel  beneath  the  surface  of  Prince  WiUiam  Sound  hes  northwest  of  Knight 


Fig.  72.  SumtARnrB  Topoobapht  or  Pbincx  William  Soumd. 


Island.  The  southern  end  of  it  leads  into  a  fiord  called  Knight  Island  Passage.  Near 
the  mouths  of  Passage  Canal  and  of  Port  Nellie  Juan  we  lack  soundings,  but  since  the 
junction  of  Passage  Canal  and  Port  Wells  is  over  1400  feet  deep  and  the  northern  known 
portion  of  this  submarine  channel  is  2400  feet  deep,  it  seems  likely  that  in  the  intervening 
seventeen  miles  there  is  either  a  deep  channel  or  several  deep  basins  between  the  islands. 
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The  ice  in  this  northern  portion  of  the  channel  was  supplied  by  the  expanded  glaciers 
of  Coll^  and  Harriman  Fiords,  Passage  Canal,  Blackstone  Bay,  and  Port  Nellie  Juan. 
It  aeema  piobaUe  tbsl  at  tlie  masiBitim  ttage,  Esther,  Culross  and  adjaceat  smaller  is- 
lands were  oomploMs^  cyvemddm  by  the  Racier. 

The  second  portion  of  this  chaand  » the  deep  basin  north  of  Kioigiit  Island.  It 
is  at  least  twelve  miles  long  and  2000  to  2400  feet  deep,  including  not  less  than  thirty 
square  miles  with  a  depth  of  2400  feet.  South  of  tliis  basin  the  depth  decreases  to  less 
than  12(K)  feet,  sviggesting  that  the  depth  of  2400  feet  is  due  to  placial  scooping  caused 
by  the  obstruction  lo  free  outflow  of  the  ice  through  the  narrower  channels  to  the 

•ouUiwaid* 

JFtcfdiQndlAuidspfWuUfHPftitMVI^iXUoMScuHdm  Thefionl^vhidicoiiiiectaifincllljr 
iviUi  this  submarine  channel  is  northern  Knight  Island  Passage.  It  is  twenty-two  Buka 
long  and  3  to  4  miles  wide,  with  a  depth  of  800  to  2000  feet.  When  the  glacier  rose  at 
least  400  feet  abo\  e  the  crest  of  Chenega  Island  on  the  west  and  to  a  height  of  2400  feet ' 
on  Knight  Island  to  the  east,  the  depth  of  moving  ice  in  this  channel  was  at  least  3500 
to  4500  feet.  We  have  little  hesitancy  in  ascribing  tremendous  erc^ve  power  to  this 
ioe  atieam  and  bdieve  that  it  pradnoed  the  iHiole  ioid*  wlaA  has  ateeply-sloping  waDa 
and  TCoares  txibutaiy  baya  like  I>rier  Bay*  which  hangs  over  1000  feel  and  renteins 
aabmoged  hanging  valleys  of  the  second  order  Khe  Cathead  and  Mallaid  Bays  wldc^ 

hang  914  find  964  feet  respectively.* 

The  eastern  border  of  this  fiord  on  Knight  Island  shows  much  influence,  botli  of  local 
glaciers  and  of  the  ice  which  formerly  filled  the  fiord.  At  the  time  of  maximum  glacia- 
tion  in  Pxince  William  Sound,  a  few  ol  the  higher  peaks  of  Knight  Island  probably  rose 
above  the  iee  aheet  aa  agwmp  el  nnnataka,  for  Grant  and  Higgina  stated  that  the  island 
does  not  seem  to  have  been  ^adated  hi^er  than  2400  feet  The  northern  end  of  the 
island  has  rounded  annunits,  but  farther  aooth  these  give  place  to  sharp  peaks,  with 
talus  slopes  and  cirques  containing  snow,  some  of  which  may  have  been  sharpened  by 
the  action  of  the  local  glaciers  and  by  super-glacial  weathering,  perhaps  after  ha\'ing  been 
rounded  by  the  erosion  of  Uie  Knight  Island  Passage  ice  stream.  Glacial  erosion  has 
been  eCfective  in  rounding  the  predominating  greenafeooea  ef  Knight  Uand  and  inpo* 
dudng  a  more  knobby  topognqjAy  than  on  the  slate  and  graywacke  which  make  op 
Ghenega  Island,  the  mountains  of  Icy  Bay,  and  other  parte  et  the  mainland  to  the 
west  There  are  U-ahaped  trougha  and  irdl-develaped  ciiqaaa  and  hanging  vaUcya  en 
Kiight  Island. 

Within  Knight  Island  Passage  tlie  shallowest  portion  of  mid-channel,  SW  to  HOO 
feet,  is  at  the  northern  end  of  Chenc^a  Island  where  a  glacial  distributary  formerly 
moved  southward  through  Dangerous  Passage,  wcat  of  Ghenega  Island.  The  deepest 
portion,  over  2000  feet,  is  southeast  of  Ghenega  Island  where  m  smaller  island  and  Ike 

inoinning  of  the  eipanded  glacier  of  Icy  Bay  confined  the  ice  tongue  of  Ejd^t  Island 

Passage  to  a  narrow  channel,  forcing  it  to  flow  rapidly  and  erode  deeply. 

The  southern  portion  of  Knight  Island  Pas.sage  extends  .southeastward  from  Chenegs 
Island  to  Montague  Strait  near  Latouehe  Island.  It  is  a  fiord  4  to  6  miles  wide  and 
15  miles  long,  exclusive  of  the  mouth  of  Icy  Bay.  The  dqpth  ranges  from  800  to  IdOO 
feet 

•Onati €. 8.aBd Hioixu. D. P« BdL  449, ^i,B.QmkBmnf, mo^p.  If. 
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The  cwMi  ■ection  of  tihis  fiotd  is  that  cf  •  stocp-dded,  flat4)ottoiiied  i^adal  tfoa^ 

with  tributary  hangmg  valleys.  A  typical  submerged  hanging  \-aIIey  on  the  northeastem 
side  lies  beneath  the  waters  of  Mummy  Bay  on  Knight  Island.  The  bottom  of  Mummy 
Bay  slopes  from  126  feet  at  the  head  to  522  feet  at  tlic  mouth,  31  miles  distant.  The 
depth  then  iucreases  to  1200  feet  in  Knight  Island  Pa-ssage,  tliree-quarters  of  a  mile 
outside.  The  slope  above  this  hanging  valley  lip  is  126  feet  to  the  mile,  while  that  out- 
«fe  M  at  Hie  late  of  964  feet  to  tlie  mile.  Uttk  and  Hogan  Bays  near  tiie  aoutifi- 
om  t^  of  Kni^  Mand  also  batve  aubmeiged  liMging  vaDcgr  idatiooahips  to  liie  main 
fiord. 

These  relationships  .«ire  of  especial  importance  in  connection  with  the  origin  of  the 
southeastern  portion  of  Knight  Island  Passage  and  outer  Icy  Bay  which  Grant  and 
Higgins '  have  explained  as  due  to  graben  faulting.  We  dissent  from  this  view  and 
ascribe  the  straight,  steep-wailed  portion  of  Knight  Island  Passage  east  <^  Icy  Bay 
and  aonOk  of  Kni^t  Idaad  entirely  to  glacial  ORMion.  Thfiie  is  no  pnWidied  cnridenoe 
of  faidtini^  but  tiie  passage  lias  trmy  diaiacleiistic  of  an  ioe-aealptiifed  floid.  The 
cntical  features,  however,  are  the  submerged  hanging  valleys.  Such  forms  could  be 
produce<l  by  faulting,  it  is  true,  but  the  different  discordances  of  the  lips  of  the  sub- 
merged hanging  valleys  of  different  sizes  cannot  be  «»wpl|tinH  by  faulting,  but  aie  per> 
fectly  normal  results  of  differential  glacial  erosion. 

The  depth  of  this  southeastern  portion  of  Knight  Island  Passage  is  less  than  might  be 
wiWielaJ  Imi^  of  tJuslnecmiing  of  the  expanded  ghder  of  Icy  Bay,  but  is  eiplainftd  by 
tike  loss  of  ice  thnngh  the  distributoiy  rfiannris  on  the  soatfawestem  side  of  Kn^t 
Island  Passage. 

T.atouche,  Elrington,  Hoodoo,  and  Flemming  Islands,  between  Knight  Island  Passage, 
Montague  Strait  and  the  mainland,  are  .separated  from  each  other  and  from  the  main- 
land by  narrow  fiords  called  Latouche,  Elrington,  and  Prince  of  Wales  Passages,  and 
Bainbridge  Passage — ^Port  Bainbridge,  the  four  distributary  fiords  which  diverted  part 
of  the  iee  of  Knight  Uand  Passage  from  Montague  Strait  Latowdte  Island  is  n  moun- 
tainooB  idbnd  but  ito  coast  is  not  so  indented  by  niinor  bays  and  cofves  as 
is.  This  msy  be  duo  to  the  difference  in  the  country  rock,  Kni^tlidand  being  pr^ 
Dating  green-stone  with  subordinate  amounts  of  conglomerate,  graywaoke  and  slule. 
while  Latouche  Island  is  mostly  slate  and  graj'wacke.  It  is  separated  from  Elrington 
and  Hoodoo  Islands  on  the  west,  by  a  deep  straight  fiord.  Latouche  Island  has  its 
greatest  elevations  within    tu  |  of  a  mile  of  the  southeastern  side. 

Gmnt  and  Higgins  *  haTO  stated  that  Laftoudie  Idand  was  piobafaly  neaHy  or  quite 
Ofvofidden  by  the  ioe  sheet  of  Pdnoe  William  Sound.  The  intensely  glaraated,  stecp» 
eoatheastera  side  of  the  island  fomis  a  striking  contrast  with  tiie  drque-canred,  north- 
western side  previously  described. 

Elrington,  Hoodoo,  and  Flemming  Islands  arc  each  about  twelve  miles  long.  All  of 
them,  with  tlie  exception  of  Flemming  Island,  are  narrower  than  Latouche  Island,  and 
more  irr^ular,  probably  because  the  constituent  rock,  the  same  as  in  Knight  Island, 
has  allowed  more  dissection  fay  stream  and  ice  erosion.  They  also  contrast  in  iireg- 
nlaiily  widi  the  peninsula  between  Bain1»idge  Passage  and  Icy  Bay  where  there  ia 
Uraywadke  and  date,  thou^  of  a  different  age  from  that  in  Latoodie  Uand.  Bbinig- 

■  BdL  448^  Ql  &  GmL  Ssmgr,  UlOl  p.  IS. 
•Of.  dU  F*  !*• 


Digitized  by  Google 


474 


ALASKAN  GLACIER  STUDIES 


ton  and  Hoodoo  Islands  arise  to  haghts  o<  from  1000  to  1967  feet,  and  Fknuung  IslMid 

is  still  higher. 

None  of  these  islands  have  glaciers.  Grant  and  Hi^ns  state '  that  the  Prince  William 
Sound  Glacier  extended  nearly  or  quite  to  their  summits*  reaching  about  flOOO  feflft  ea 
tbe  bolder  of  Port  Bainbridge,  and  extending  oat  past  the  end  of  Ebingtoii  Uand.  tte 
aooUiwestenunost  island  of  Prince  William  Sound.  This  western  distribntaiy  cf  the 
Prince  William  Sound  Glacier,  therefore,  ended  in  the  qpea  Pacific  Ocean. 

We  have  not  seen  these  islands  exx-ejit  from  a  steamer  in  Elrington  and  Latouche 
Passages  in  1904  and  1911,  and  from  a  launch  in  Knight  Island  Passage  and  eastern 
Latouche  Passage  in  1910;  but  the  steep  lower  slopes  give  an  impression  of  intense  glacia- 
tion,  being  most  abnqpt  on  the  soutiieastein  side,  as  on  Latoodhe  Liand. 

These  steep  slopes  are  continued  bdonr  sea  kvd,  as  the  Coast  Survey  diaita  tixnr.* 
These  fiords  all  foOovr  the  strike  of  the  rocks  and  are  all  rather  simple  in  outline,  and 
flat-bottomed.  The  depth  of  Bainbridge  and  Prince  of  Wales  Passages  is  unknown, 
ensept  in  tlic  southwestern  end  of  the  latter  where  it  reaches  504  to  606  feet.  This  con- 
trasts witli  a  maximum  of  284  to  342  feet  in  the  southwestern  end  of  Elrington  Passage, 
which  is  tributaiy  to  lower  Prince  of  Wales  Passage.  Tlie  descent  of  260  to  270  feet  in  a 
half  mile  of  the  fiord  bottom  suggeeta  a  submoged  hanging  valley  rebtkmship.  TUs 
would  be  a  natural  resdt  of  gieatar^beial  erosion  m  the  broader  Prinee  of  W 
which  leads  straight  from  Ibii^t  Idand  Passage,  and  whidi  doobtlesi  ha^ 
tivc  ice  stream  than  the  narroweTt  evooiced  Elrington  Passage. 

WiUiin  Elrington  Passage  there  seems  to  have  been  differential  glacial  erosion,  for 
this  fionl,  which  has  a  right-angled  turn  near  tlie  southern  end,  reaches  its  greatest  depth 
in  a  basin  594  feet  deep,  just  at  the  elbow.  This  is  an  increase  of  depth  amounting  to 
848  feet  in  a  mile  and  a  quarter,  neasuredfitom  the  northeast,  and  m  feet  in  fiv^  | 
of  a  nila,  measured  from  the  northwest,  and  suggests  that  the  ioe  tongue  of  Sriqgloa  ; 
Passage  eroded  this  deeper  loek  basu  because  its  fiee  mofvement  was  vetatded  at  lUi 
sharp  turn. 

Latouche  Pas.sagc  has  two  ratlier  difTerent  parts.  From  Elrington  Passage  northeast- 
ward the  depths  vary  from  480  to  750  feet,  contrasting  with  the  southwestern  half, 
which  is  from  00  to  264  feet  deep.  This  contrast  suggests  the  possibility  that  before  and 
after  the  main  period  of  gladatiom,  when  the  ioe  probably  strsamed  sooth wesLwaid 
throogh  Latouche  Passage,  the  local  ^aciers  from  the  great  drqaes  of  T^itowffhe  Uaad, 
moat  of  which  face  the  deep  northeastern  half  of  the  fiord,  extended  out  into  the  paasage 
and  supplied  an  ice  stream  which  moved  toward  the  northeast  rather  than  the  MOlh-  | 
west,  therefore  eroding  the  broader  northeastern  part  of  the  fiord  most  deeply. 

There  are  submerged  barriers  on  tlie  bottom  at  both  ends  of  Latouche  Passage,  the 
one  facing  the  Pacific  Ocean,  near  Danger  Island,  having  a  roughly-crescentic  shape, 
with  depths  of  from  8|  to  eo  feet,  in  oontKast  with  864  feet  juat  inside  and  UOte  | 
equal  distance  outside.  Two  narrow  channels  with  dq>ths  of  78  and  84  feet  respectivdijr  , 
cross  this  obstruction,  which  curves  both  wsgra  from  the  low  Danger  Island.  The  shallow  ; 
mouth  of  this  fiord,  contrasting  with  the  deep,  open  termini  of  the  wider  Prince  of  Wales  | 
Passage  and  Montague  Strait  may  be  due  either  to  lack  of  glacial  erosion  here  or  to  the  | 
deposition  of  a  terminal  moraine  below  sea  levd.  j 

aBaU.44S,U.&Geal.Surv^,m0.p.l9.  ' 
•  U.  &  Osssi  sad  Gsod.  Bwvay.  Chsils  8aM  sad  SM. 
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I       IIm  bw  at  tlie  northern  Old  of  Latooche  Passage  btBdq>th8  of  168  to  330  foei  m  mid- 
fiord,  in  contrast  with  636  to  642  feet  a  half  mile  distant  on  each  side.  It  is  narrow  and 
straight,  completely  closing  the  mouth  of  the  fiord  excepting  for  a  480  foot  channel 
north  of  the  midfllc.    It  may  be  explained  equally  well  as  either  (a)  a  moraine  bar  or 
(b)  an  uneroded  rock  ledge  with  a  rock  basin  southwest  of  it^  though  its  position  is  not 
as  favonUe  to  fhe  latter  intenrntatkm  as  in  the  case  ol  the  bar  at  the  seawaid  eod  of 
I    the  same  fiord.  If  it  is  a  submerged  moraine  it  mif^ht  have  been  buHt  at  the  tenntnns 
of  a  southwest-retreating  loeal  glacier,  fed  by  the  cirques  of  Latouche  Island,  or  as  a 
I     lateral  moraine  of  the  northwest-retreating  ice  tongue  of  Kni^t  Island  Passage. 
I        The  Ice- Sculptured  Outlets  of  Prince  William  Sound.    The  ice  of  the  piedmont  glacier 
i     of  Prince  William  Sound  hud  three  outlets  to  the  Pacific  Ocean,  (1)  Montague  Strait 
I     and  the  four  adjacent  hords  alluded  to  in  the  last  section,  (2)  Hinchinbrook  Entrance, 
and  (3)  the  month  of  Orea  Inlet 
The  outlet  by  MoatagueStiait,  was  probablgr  the  hngestooe*  ItwasnoftaaimiMvlant, 
I    however,  as  it  would  have  been  had  there  not  been  four  snbocdinate  outlets.   This  is 
shown  by  the  fact  that  this  outlet  was  only  ermlcd  to  a  maximum  depth  of  1100  feet 
j     and  shallows  to  400  feet  near  the  Pacific  Ocean.    Its  width  is  from  5  to  6  miles  and  the 
I     deepest  channel  is  close  to  Latouche  Island,  perhaps  because  of  the  influence  of  local 
glaciers  on  Montague  Island.  The  southeastern  slope  of  Latouche  Island  is,  therefore, 
I    smoothed  and  mndi  oivetstespened,  slewing  at  the  late  of  8500  to  4000  feet  to  the  mile 
on  the  land.  The  dope  continues  below  water  at  the  rate  of  IffOO  feet  to  the  mik,  beyond 
!    which  Montague  Strait  has  a  broad,  flat  bottom  witli  an  equally  steep  ascent  to  Montague 
I     Island.  This  U-.shapc  indicates  that  it  was  tlie  work  of  a  glacier  which  sculptured  ^^on- 
1     tagueStrait,  as  do  the  submerged  hanging  valleys,  for  example,  Hanning  Bay  and  Macleod 
Hari>or,  on  the  southwestern  side     Montague  Island,  which  are  each  132  feet  de^  at 
Ifaiir  mootiia  and  hang  528  and  880  feet,  respectively,  aboive  Montague  Sb^ 
The  central  outlet  was  between  Hinmhinbtook  and  Montague  Mands.  Hinchinbrook 
j    Uand,  which  has  also  been  called  Nutcheck  Island,  is  sepaiated  from  Montague  Island 
j    by  a  strait  7  to  10  miles  wide,  called  Hinchinbrook  Entrance.  It  has  also  been  called 
j     Meiklejohn  Entrance.  The  strait  has  a  length  of  about  twelve  miles  and  is  900  to  1300 
1     feet  deep.'   Its  cross-section  is  a  tj^aical  glacial  I',  for  in  the  narrowest  part  there  is  an 
abrupt  descent  of  900  feet  within  ^  to  |  of  a  mile  of  each  shore  and  a  flat,  somewhat- 
basbed  bottom  five  miles  wide.  The  km«r  skpes  ol  the  land  aie  similar  to  the  skpeo 
bobw  tideiroter,  for  eacanqde^  the  pvecipitoua  chaiactsr  of  Bear  Cape  on  the  e^^ 
of  Hinchinbrook  Entrance  north  of  PCrt  Etdies,  wiudi  is  inteq>reted  as  a  result  of  iJacial 
oversteepoiing. 

;  Ttere  are  submerged  hanging  valleys  on  each  side  of  Hinchinbrook  Entrance.  On 
;  the  west  are  Rocky  and  Zaikof  Bays,  with  maximum  depths  of  342  and  324  feet,  sub- 
j    merged  hanging  valleys  whose  discordant  junction  with  Hinchinbrook  Passage,  amounts 

to  from  800  to  700  feet 
Port  Etches  east  of  Hindiinbrook  Entrance  also  shows  a  disoordant  relationshq>,  hav« 

ing  a  submerged  hanging  valley  lip,  with  a  descent  of  318  feet  to  the  bottom  of  B»> 

chinbrook  Entrance,  the  water  increasing  in  dq»th  from  808  to  884  feet  in  lem  than  one 

and  one-half  miks. 

•  8M  U.  S.  CossI  sad  Geed.  8v««gr  Chwlik  Nos.  8IM^  »Uk  sad  SMI. 
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At  the  lighthotue  east  at  Hinrhmhrook  Entnooe  Hm  glaciated  ledges  185  feet  above 
tea  level  bear  atriae  which  ttend  nearly  due  east.  It  is  dear  tiaat  these  glacial  scratcbes 
have  been  made  hy  ice  which  came  from  TT;iw.T.;iihwirtlr  IHwiw^  WilKni  Bnnwl, 

rather  than  from  Orca  Inlet  to  the  northeast. 

The  granite  bowlders  in  the  glacial  till  here  and  the  striations  show,  not  only  that  tJie 
Prince  William  Sound  Glacier  extended  out  into  the  Pacific  Ocean,  but  that  it  spread 

This  ffffplains  the  eastward  trend  of  the  striae  at  Cape  Hincfainbrook,  in  coptiast  with 

the  southward  trend  in  Hinchinbrook  Entrance,  and  suggests  tint  the  Pacific  side  of 
Montague  Island  may  have  similar  striae.  A  search  for  striae  on  Seal  Rocks,  whidi 
rise  to  a  height  of  thirty-seven  feet  off  the  mouth  of  Hinchinbrook  Entrance  wotild  be 
of  great  interest,  both  as  to  whcUier  the  Prince  William  Sound  Glacier  extended  this 
far  into  the  Pacific  Ck^ean,  and,  if  so,  as  to  the  direction  of  the  ice  movement  here. 

The  easternmost  outlet  of  Prince  Wiffiam  Somid  lies  between  ffinchinbrook  and 
Hansons  Islands  near  the  mouth  of  Orca  Inlet  This  outlet  Bcemo  to  have  been  of  decad- 
ediy  minor  importance,  so  little  ice  moving  through  it  tliat  it  was  not  eroded  below  ssft 
level,  excepting  in  the  narrow  Hawkin.s  I.sland  Cut-off  and  the  still  smaller  Canoe 
Passage.  There  was,  however,  strong  ice  movement  out  of  the  northeastern  portion 
of  Orca  Inlet 

The  DrifiUstAfmoH  Hinekiiibrook  Idand.  At  tiie  time  of  maximum  glaciation,  the 
Mioe  WSfiam  Sound  Glaciar  did  not  compleMy  oovor  Hinehinhtoek  Idand,  wUek 
rose  through  it  as  a  nunatak.  The  glacial  dqtosit^  at  leut  in  the  southwestern  portion, 
are  entifdy  confined  to  its  hmer  alopes^  a  laige  part  of  the  island  f onniag  «  diiftlw 

area. 

ThLs  was  determined  in  1910  by  observ  ations  at  two  points  near  the  southwestern  end 
of  the  island.  Between  English  Bay,  a  cove  on  the  southern  side  of  Port  Etches,  and 
the  top  of  Signal  Mmmtain,  ,a  patnstaking  eraminatinn  sevealed  glacial  dqraeits  otfy 
on  the  lower  slopes.  The  till  contained  bowlders  of  granite  and  o4her  foreign  matftial 

not  present  in  the  oountiy  rock  of  Hinchinbrook  Island,  showing  tliat  tiie ice  wfaidi  carried 
this  glacial  drift  was  not  a  local  glacier  but  the  great  ice  sheet  from  northern  Prince 
William  Sound.  The  glacial  deposits  were  found  upon  the  gentler  lower  slopes,  with 
a  thickness  of  15  or  20  feet,  as  on  the  headland  southwest  of  English  Bay;  and  a  steepened 
slope,  extending  up  to  an  elevation  of  less  tliau  400  feet  showed  the  maximum  thickness 
of  the  glacier.  At  about  400  feet  them  is  also  a  small  hanging  valley  east  of  Engiidi  Bsgr* 

At  an  elevation  of  440  feet  i^aoal  deposits  were  entii^y  laddng*  u  we  found  laf  ck- 
cavatiag  tiirough  the  thick  peaty  soil  and  residual  deposits  to  bedrock.  Keqaent  lodgM 
from  thi.s  point  to  the  top  of  Signal  Mountain  revealed  absolutely  no  rounding  or  stria- 
tion,  and  there  were  no  rounded  pebbles  excepting  tliose  traceable  to  certain,  visibly- 
disintegrating,  conglomerate  ledges.  The  broad,  rounded  top  of  Signal  Mountain,  1546 
feet  high,  showed  dear  evidence  of  never  having  been  glaciated,  a  careful  eraminstion 
revealing  no  erratics,  no  striae,  and  no  rounded  pebbles  esoqpt  those  from  the  weathered 
ledges  of  coni^omerste. 

The  second  set  of  observations  as  to  the  height  of  glaciation  was  made  at  Cape  Hin- 
diinbrook  on  the  Pacific  side  of  the  island  near  the  new  lighthouse  on  the  southwestern 
tip.  The  lowest  slopes  were  without  glacial  deposits,  because  they  had  been  cut  by  the 
waves  into  great  precipitous  seacliffs.  Back  of  the  cliffs,  however,  glacial  till  was  ob- 
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Mm!  itp  to  an  devatkn  of  eOO  feet  and  ^ecul  lakes  (PL  CLXXXII)  neaHy  up  to 

400  feet,  above  which  the  absence  of  erratica  dunred  tfwt  the  area  has  not  been  ioe- 
oovered.  The  highest  glaciated  rock  led{^  soniren  at  an  ekvation  of  186  feet,  and 
tliese  were  strongly  polished  and  striated. 

Montague  Island  may  also  be  partly  driftless,  though  not  for  so  large  an  area  as  Hin- 
dunbrook  Island,  which  had  fewer  local  glaciers. 

Thm  rolling  topograpby  of  the  ]dataaa-Hke  southwestern  end  of  Hiiwihtnbrook  Island 
<?ontinnffi  throughout  most  of  the  southern  half  of  the  island.  From  sea  level  in  Fkmoe 
William  Sound  and  on  the  Pacific  Ocean  it  closely  simulates  a  ^acially-smootibad  topog- 
raphy (PL  CLXXXIII);  but  it  is  absolutely  certain  that  it  has  never  been  covered  by 
ice.  It  seems  to  be  a  part  of  the  waq>ed,  southward-tilted  peneplain,  described  by 
Spencer '  and  by  Grant  and  Uiggius,'  and  to  owe  its  rounded  topograph^'  to  sub-aerial 
danndaljon.  ^  it  a  f ensr  eSiques  of  small  local  giaden  are  cut. 

Th^GkuimtimefihBCimiuunialShtff,  In  the  Gulf  of  Alaska  oppodta  the  mouth  of 
Prince  William  Sound  there  is  an  eieqptiomally  wide  continental  shelf.  Mention  has 
already  been  made  of  the  fact  it  is  necesaaiy  to  go  40  to  70  miles  from  shore  before  a  depth 
of  600  feet  is  reached  and  that  in  the  56  miles  between  Ilinchinbrook  £atiailoe  and 
Middleton  Island  the  depth  of  water  is  only  200  to  450  feet.' 

The  question  uuLurally  arises  as  to  whether  glaciation  has  played  any  port  in  producing 
tiua  hraad,  AtJkm  continental  ahdf.  The  ahdf,  itself,  is,  of  coune,  a  feature  uluch  ex- 
ieted  before  and  is  independent  of  glaffiation,  That  it  may  have  been  glaeiaHy  modifiwii 
however,  is  suggested  by  (1)  observations  at  Hinchinbrook  lightliouse  and  at  the  southern 
end  of  Elrington  Island  which  prove  that  the  glacier  from  Prince  William  Sound  once 
extended  out  into  the  the  Pacific  Ocean;  (2)  the  deposits  upon  Middleton  Island,  which 
Dawson  *  has  interi)retcd  as  glacial  till.  This  suggests  that  the  glacier  moved  outward 
across  the  continental  shelf  to  or  beyond  Middleton  Island,  and  that  the  Gulf  of  Alaska 
once  had  a  great,  tidal  ice  front  similar  to  the  bamers  of  the  Antaretie  region,  but  not 
flonrtng  heeanae  the  water  was  too  shallow. 

It  is  difficult  to  determine  whether  the  expanded  glaciers  actually'  pushed  out  to  sea 
beyond  the  i.slands,  glaciating  the  continental  shelf.  Aside  from  the  glaciated  condi- 
tion of  Ilinchinbrook  Entrance,  tliere  are  three  facts  suggesting  that  tliey  did.  In  the 
first  place  there  is  no  visible  deposit  which  can  be  considered  representative  of  the  terminal 
accumulation  of  this  long  period  of  expanded  piedmont  glacier  in  Prince  William  Sound. 
The  inference  aeema  waitanted  that  it  Mas  bweath  the  aea  on  the  continental  shdf «  A 
aoeond  fact,  suggesting  the  correctneas  of  this  conclunon,  ia  tiie  shalhnring  of  the  water 
south  of  the  entrance  to  the  sound.  Soundings  are  not  numerous  enough  to  warrant 
definite  conclusions  on  this  point,  but  beyond  the  deep  entrance  to  the  sound  between 
Montague  and  Ilinchinbrook  Islands,  there  is  a  broa<^l  area  of  shallower  water  with  sound- 
ings of  from  liO  to  240  feet  and  beyond  that  only  sUghtly  deeper  water.  More  detailed 
aoundings  are  neceasaiy  before  the  significance  of  thia  can  be  definite  detendnad.  A 
third  noteworthy  point  ia  the  dq>th  of  the  entrance  between  the  two  islands.  Its  depth 

>  Spencer,  A.  C,  Bull.  G«ol.  Soc  Amer..  Vol.  Xi  V  .  1903,  pp.  117-131^. 
•Gtaab  IT.  8.  aadHiggiBi^  D.  F<«  Bdl.  448,  U.  Ek  G«oL  Som^,  1910,  p.  U. 

*  See  Chart  8502,  V.  S.  Coaat  and  Geod.  Survey. 

«  DawBoa.  G.  M.,  Notes  on  the  Geology  ol  Middleton  Iiland,  Ahuka,  Bull.  G«ol.  Soc  Amer.,  Vol.  4, 180S, 
pp.  4t7-4Sl;  Bnwka,  A.  H.,  BuIL  548,  U.  &  QeoL  Sarnf,  191fl^  p.  M. 
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hannoobes  with  the  theoiy  that  the  Prince  ^RDiam  Sound  Glacier  tpnad  oat  into  a 
great  Imlb  on  emerging  into  the  sea  and  that  it  found  freest  passage  and  moved  fastest 

in  the  narrow  strait  between  Hinchinl)rook  and  Montague  Island  and  accordinply 
scoured  out  the  passage  through  which  it  flowed.  It  could,  of  eourse,  have  produced  the 
great  depth  in  Hinchinbrook  Entrance  without  extending  beyond  the  islands,  provided 
the  ice  moved  through  this  passage  long  enough,  or  in  a  shorter  period  if  the  ice  moved 
aonie  diatanoe  out  to  sen. 

It  is  not  absdutdy  ckw.  hmmvtf,  that  this  has  taken  |dnoe  and  that  the  continental 
shelf  is  glaciated.  Our  doubt  is  based,  chiefly,  upon  the  loir  fimit  of  glaciation  at  'Bm- 
chinbrook  Island.  If  tlie  ice  extendetl  only  400  feet  above  sea  level  and  sloped  between 
i5  and  60  feet  to  the  mile,  as  in  Prince  William  Sound*  it  could  not  well  have  advanced 
fifty -six  miles  farther  to  Middleton  Island. 

Another  dbjection  is  found  in  the  fact  that  the  nature  of  the  material  from  Middl^an 
Island,  which  Dawson  interprets  as  till,  is  socfa  that  it  might  equally  wcD  be  aa  up- 
lifted marine  day  or  silt,  sprinkled  with  sab-angular,  striated  stones  dropped  by  floating 
icebergs  from  glacier  fronts  in  Hinchinbrook  Entrance  and  the  other  outlets  of  Prince 
William  Sound.  The  presence  of  cni.shed  shells  in  the  Middleton  Island  deposit  and  the 
fact  of  known,  post-glacial  uplift  a  short  distance  to  the  east  on  Wingham  Island  ^  sup- 
port this  interpretation. 

The  piesent  oonchision  therefore,  regarding  the  glaciation  of  tiw  broad  oontinsntsi 
dielf  off  Frinoe  WilEaai  Soond  is  that  it  is  not  certain  wlMther  the  Aelf  has  been  nct^^ 
overriddoi  bgr  an  ice  sheet  or  not,  but  that  it  has  certainly  been  greatly  modified  through 
the  former  pr^ence  of  glaciers,  at  least  at  the  mouths  of  the  various  outlets  of  Prince 
William  Sound.  In  any  event,  there  are  vast  glacial  acciimulations  on  the  continental 
shelf,  made  either  hy  the  deposition  of  till  or  of  great  volumes  of  glacial  silt,  supplied 
by  rivers  from  beneath  liie  melting  ice,  and  distributed  by  the  tidal  curreuli>,  as  at  the 
Copper  Biver  ddta  today,  with  a  seatteriog  of  i^adal  bcnridcfs  cairied  by  icd>etgs. 
This  silt-«nd-ioebers4>owider  combination  is  hard  to  distingoish  htm  gladal  til,  or 
bowlder  clay,  unless  marine  shells  are  burie<I  in  it. 

The  Old  Rock  Floor  of  Prince  W illiam  Sound.  In  various  parts  of  Prince  William  SouniJ 
there  are  rock  terraces  at  elevations  of  from  40  to  100  or  200  feet  ahove  sea  level.  These 
were  first  noted  by  Schrader.*  In  1910  we  saw  otlicrs,  which  lead  us  to  believe  that  these 
are  remnants  of  the  old  rock  floor  of  Prince  William  Sound.  Our  view  is  that  there  was 
no  pregladal  arm  of  the  sea  on  the  present  site  of  Prince  William  Soond,  but  that  gSacisl 
eroskn  has  excavated  the  whole  sound  on  the  rite  of  a  preglacial  knriand,  whooe  rode 
floor  was  sli^ily  above -the  present  sea  level.  This  lowland  may  liave  been  crossed  by 
preglacial  .stream  courses,  along  the  lines  of  whieh  the  fionls  and  the  deeper  submarine 
channels  were  excavated  mucJi  more  deeply  tlian  tlie  intermediate  areas. 

This  view  is  supported  by  the  character  of  the  low,  flat-topped,  rock  terraces  observed. 
On  Culross  Island  near  Passage  Canal,  for  example,  there  is  a  low  terrace  which  dissp- 
pean  to  the  eastward  near  Prince  Hl^lliam  Sooiiid  and  to  ikt  westward  near  CniroBi 

<  Miutio,  G.  C.  Bull.  835.  U.  S.  Geol.  Survcgr,  1908.  pp.  46.  64. 

tSifaader.  P.  C.  10th  Aan.  Bapt,  U.  S.  G«aL  Sarregr.  FM  VIL  1900^  p.  4M;  Sdmder  and  9pmaet, 

Boon  Doc.  546,  56Ui  Congrew,  Snd  •ession,  Waahingtoa.  1901,  pp.  75-70. 

Gilbert.  G.  K..  Hanimaii  Aladu  Expeditka.  VoL  UI,  1904,  p.  176;  Gnat.  U.  S.  and  Hioioi^  D.  Bdl 
448.  U.  S.  Gcol.  Survty,  1910,  pp.  16-17. 
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Ftewage,  where  glacial  erosion  would  ham  been  moet  diective.  The  low  rode  beoduM 
OQ  both  sides  of  Port  Nellie  Juan  near  the  month  are  not  completely  flat-topped,  but 
have  gently-undulating  surfaces,  as  if  modified  by  glaciation.  The  lack  of  seacHffs  and 
talus  slopes  at  the  backs  of  these  terraces  suggests  that  they  are  of  i)regla(  ial  origin 
and  not  uplifted,  wave-cut,  post-glacial  benches.  There  are  two  groups  of  flat-topped 
kiete,  the  fint  between  Montague  and  Green  Islands,  the  second,  called  Potpoise 
Bocks,  in  PtntEtdiefl  at  the  west  end  of  Hinahmbrook  Island.  These  axe  in  piaoeeniiere 
jBMuanU  fit  the  rock  floor  of  Prince  William  Sound  mi^t  well  be  preserved,  because 
they  are  out  of  the  paths  of  the  most  rapidly  moving  ice  currents  of  the  former  pied- 
mont glacier  of  Prince  William  Sound.  The  borders  of  each  islet  are  cut  into  precip- 
itous cliffs,  and,  as  they  arc  lo<"ated  where  wave-work  adequate  for  such  erosion  is  now 
impossible,  these  cliffs  are  ascribed  to  waves  from  the  iceberg-discharging  front  of  the 
witwting  Frinoe  WOfiam  Sound  Ghuaer. 

Bteml  CkoHgu  «if  Le9d  in  Ptmeg  Wittum  Scuni,  Mention  has  already  been  made  of 
the  post-glacial  uplift  on  the  continental  shelf  near  Prince  William  Sound,  and  also  a 
short  distance  to  the  east  on  Winghani  Island,  and  of  the  shore  forms  near  Columbia 
Glacier  which  Grant  and  Higgins  '  ascribe  to  recent  uplift,  but  which  we  believe  to  be 
due  to  the  v.-ork  of  iceberg  waves.  The  latest  change  of  level  of  the  land  adjacent  to 
Prince  William  Sound,  however,  is  a  very  slight  downward  movement. 

The  cividenoe  that  the  Uteet  change  of  Iflvd  waa  a  sinking  of  the  land  has  been  broa^ 
lorwanl  bj  Vancouver,*  Hayes^*  Sduader^  and  by  Grant  and  BSggina.*  Our  own  ad^ 
ditional  observations,  made  in  1010,  are  that  there  are  dead  trees  in  place  and  evi- 
dently killc<l  by  po.st-gla<'ial  .submorponoe  in  three  other  localities.  These  are  (1)  on 
Point  Countess,  Flemraing  Island,  on  the  southwestern  side  of  lower  Knight  Island 
Passage,  (2)  on  the  southeastern  side  of  Green  Island,  and  (8)  at  Graveyard  Point  on 
the  northweetcfn  nde  of  Montague  Island.  At  each  of  these  places  the  submergence  may 
bestillgomgon. 

These  localities  are  6  to  9t  miles  apart  and  are  50  and  80  miles  west  of  the  areas  of 
TCOent  t^H"g  on  the  CSo|q>er  River  delta  and  at  Bering  Lake,  showing  that  tlie  down- 
ward movement  is  widespread.  On  the  other  hand,  it  is  extremely  localized,  for  the  areas 
of  dead  trees  are  very  small  and  there  is  undisturbed,  continuous  forest  close  to  sea  level 
between  these  points  of  submergence,  proving  that  there  is  no  continuous  sinking  ol 
the  land.  Thcon  ia  no  reason  for  snspecthig  that  this  reeent  auboM^ganee  in  Fkbee 
Y^SEam  Soond  is  idated  to  i^aeiation,  aa  it  probably  is  on  the  Con»cr  Bim 
isostaay  and  fh»  loading  of  the  seacoast  with  the  outwadi  depodta  of  the  Copper  River 
glaciers  may  possibly  explain  the  submergence. 

CHacial  DepotiU.  Most  of  the  placial  deposits  in  Prince  William  Sound  are  submarine. 
In  discussing  the  several  fiord  regions  we  have  already  (lescrihed  small  areas  of  ground 
moraine,  terminal  and  lateral  moraine,  outwash  gravels,  and  deltas  on  the  land,  as  well 
aatiie  moraine  bars  and  other  deposita  winch  niaiktennindniorainea  in  the  aaa,  Thnre 

•  BulL  443,  U.  S.  G«oL  Surv^.  1910,  p.  18. 

•8selSBolaols«apw  fTSiaH.  B.  BSaorafl's  BIrtocy  cl  Alssks,  Ssa  Fkaadseo,  188t. 

•  Hayes.  C.  W.,  Nat.  Geog.  Mug.,  Vol.  IV.  1892.  p.  1S6. 

« SduMier,  F.  C«  80th  Ann.  Hept.,  U.  S.  Geol.  Survegr.  Part  VII.  1900.  p.  404. 

•  Gnat  U.  &  and  Hiil^D.F..IIaiL  44*.  U.&GsaLaBrv«y.  1910k  pp.  17-18. 
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an  scattered,  small  dq>o«te  of  tfll  and  stratified  ifaponta  timn^hoitt  FHnee  WOBibi 

Sound.  Several  typical  ones  are  described  below. 

There  is  a  flat  plain  of  outwash  gravels  extending  westward  from  Eyak  Lake  to  Orca 
Inlet.  One  knob  of  morainic  material  rises  through  it.  In  tlxe  railway  cuts  near  Cordova 
station  of  the  O^per  River  and  Northwesteni  Railway,  there  are  fine  exposures  of  the 
tliidcstmtifiedgravdt,mteilMdded  with  lake  clajs.  In  tbetofimolCQfdova,  above  tlie 
level  of  thtt  outwaah  filaiii,  tfaae  aie  depoats  of  atony  titt  and  gimvel  of  oonndeiafale 
thickness.  The  mantle  of  ground  moraine  near  CSocdova  probably  extends  hi^er  toward 
the  head  of  the  fiocd  in  the  moantains,  and  krper  near  Flinoe  WUham  Sound  and  the 
Pacific. 

We  have  no  information  regarding  the  extent  of  glacial  deposits  on  Hawkins  Island, 
but  the  relationships  of  the  driftless  area  on  Hinchinbrook  Island  suggest  strongly  that 
parta  of  thSe  Mand»  aleo,  were  not  covered  at  the  atage  of  maadmum  glaciatwMii  Hie 
eastern  end,  bring  in  the  jaws  of  two  fioidi,  Orca  Bay  and  Orca  Inlet,  where  great  gUden 
toaaedy  extended  out  from  the  Chugach  Mountains,  lias  probably  been  glaciated  to 
a  much  greater  height  than  Hinchinbrook  Island.  The  glacial  deposits  on  Hawkins 
Island,  which  has  no  igneous  rork  in  place,  include  bowlders  of  coarse  granite  observed 
by  Schrader  and  Spencer.K  The  geological  map  by  Grant  and  lliggins '  shows  that  these 
must  have  come  from  the  Chugadi  Mountains  to  the  northward  between  Port  Graviaa 
and  Sheep  Bay. 

The  low  forelands  on  the  northern  sides  of  Hinchinbrook  and  Montague  Islands  have 
been  glaciated*  and,  near  sea  level,  bear  thick  glacial  deposits,  including  both  till  and 
outwash,  where  we  have  obser%'e<i  them.  The  peninwila  aouth  of  Port  Fidalgo  has  a 
thick,  flat-topped  terrace  of  outwash  gravels. 

An  exposure  on  Latouche  Island,  seen  by  us  in  1010,  was  remarkable  for  the  thorough 
cementation  of  the  tin  and  giamlhF^i«^>>BdeQ|ipet^bearingwate^  This  ia  about  IW 

feet  above  sea  level  along  the  tramway  between  the  steamer  landing  and  the  Boitaaaa 

■ 

ooppar  nune. 

COMFABISON  OF  pRINCE  WiLLIAM  SoUND  AND  YaKUTAT  BaY 

Introdnction.  The  glaciated  j)ortion  of  the  Alaskan  coast  is  divisible  into  three  quite 
distinct  j)hysiographic  provinces,  all  not.ihly  mountainous,  and  all  supporting  numerous 
glaciers,  large  and  small.  The  souLiieastermnust  of  these  is  the  irregular,  fiorded  coast 
bdow  Cross  Sound;  the  northwestenuiiost»  which  uidudeB  the  region  west  of  Controller 
Bay,  u  also  an  irregolar^orded  coast;  and  the  coast  between  these  k  a  straight,  ukoontam 
coast,  badoed  by  a  continuous,  lofty  mount^n  range.  Yakutat  Bay  Kes  near  the  center 
of  the  latter,  and  Prince  William  Sound  ne  r  the  eastern  end  of  tlie  second  province.  The 
phenomena  of  present  day  glaciers  and  of  fortncr  glacialion  in  these  tliree  sections  pre- 
sent differences  of  moment  and  doubtless,  ultiuuitely,  one  of  the  important  results  of 
Alaskan  glacier  studies  will  be  a  consideration  and  interpretation  of  these  differences. 
AUhoa^  a  beginning  in  such  a  comparative  study  might  even  now  be  made^  on  iSb» 
basis  of  previous  woik  by  Russell,  Beid,  Crilbert,  the  United  States  Geological  Survey, 
and  olheia,  we  will  not  at  the  present  time  attempt  it,  but  will  confine  ounelves  to  a 

I  Mad««  F.  C  aed  a^MMOT,  A.  C,  Geolocf  sMl  IDmnI  BMoonn  <4  a  Bntian  «f 

trict,  Alaska.  Houae  Doc.       5nth  Congress.  Sad flierinB,  Waddsgboa*  1W1»P> U. 
*  FL  II,  BoU.  44S»  U.  S.  Geoi.  Survey.  1910. 
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brief  discussion  of  the  similarities  and  contrasts  of  the  two  field±i  in  which  our  own  most 
detailed  studies  have  been  conducted, — Yakutat  Bay  and  Prince  William  Sound. 

DijfW«iw»  tR  EtkHt  tfPtmid  SlmeSm*  We  Iwve  no  adeqiwte  reoonb  of  predpit»> 
tion  for  giving  any  bads  lAalaoevar  of  *  iSaamkm.  of  the  eomparative  amoimt  of  snoir 
that  falls  in  these  two  areas,  but  there  are  some  general  condderations  whidi  lead  us  to 
the  belief  that  there  is  less  supply  for  glaciers  in  the  Prince  WilHam  Sound  region  than 
in  that  of  the  coast  further  southeast.  In  the  first  place,  although  glaciers  are  numerous 
and  some  of  them  large  in  the  Prince  William  Sound  r^ion,  they  do  not  attain  the  mag* 
nitade  of  the  gladen  along  the  stieigfat  eoMt  uliieli  Yakutat  Bay  indents.  Nor  aie 
thoM  anj  of  the  piedmont  gladen  and  piedmont  bafts  i^ich  characteriEe  the  central 
region  from  Controller  Bay  to  Cioas  Sound  and  include  such  great  ice  bulbs  as  tiiose 
of  Bering,  Malaspina,  and  La  Perouse  Glaciers.  Another  indication  of  the  compara- 
tive weakness  of  the  Prince  WilHam  Sound  type  of  glacier  is  the  fact  that  there  is  not 
the  same  proportion  of  tidal  glaciers  as  in  Yakutat  Bay.  There  are  more  tidal  glaciers 
by  actual  count,  but  they  are  distributed  over  a  far  greater  stretch  of  coast  line.  Further- 
more, these  tidal  ghcien  lie  far  bade  tnaa  the  ooast  of  the  open  ocean  aesnr  the  bent 
of  tile  hf^monntsins  from  irtiich  they  aie  fed.  The  tidal  glacieis  me  lem  aelive  than 
those  of  Yakutat  Bay.  The  great  Columbia  Glacier,  for  example,  iriiieli  is  comparable 
to  the  Hubbard  of  Yakutat  Bay,  is  far  less  active  in  iceberg  discharge,  and  Cohinibia 
Bay  is  never  so  clogged  with  floating  ice  as  to  make  navigation  in  small  boats  as  difficult 
as  in  Yakutat  Bay.  Another  point  of  contrast  is  the  fact  tliat  neither  the  tidal  ghu'iers 
nor  those  ending  on  the  land  in  Prince  William  Sound  appear  to  be  parts  of  great  through 
Racier  qrstems  conaparaUe  in  sise  with  those  of  the  &^  Elias  and  Fairweather  rsgions. 
Althoagh  the  Tilkys  are  ioe-filled»  and  these  are  ^ader  pasBes>  these  does  not  seem  to 
be  the  same  ice-drowued  topography  that  characterizes  the  region  further  southeast* 

These  differences  in  the  extent  of  present  glariation  of  the  two  regions  is  appamtiljr 
due  primarily  to  two  significant  facts.  The  first  of  these  is  the  position  and  nature  of 
the  mountains.  In  the  Yakutat  Bay  region  the  lofty  mountains  lie  along  the  coast, 
whereas  in  the  Pzinoe  William  Sound  r^ion  the  coastal  mountains  are  lower  and  the  main 
isBige  of  kflgr  mountains  liss  farther  inland.  The  CSiugaofa  Mountains  are  of  suffieiettt 
height  to  give  rise  to  many  and  large  glaciers,  but  not  to  a  Racier  sysbem  such  as  the 
massive,  broad,  and  elevated  St.  BUas-Faarweather  Ranges  nourish.  The  second  rear 
son  for  the  difference  is  in  exposure  to  moisture-laden  winds.  In  both  cases  the  pre- 
vailing winds  from  the  ocean  reach  the  glacier-feeding  mountains,  but  in  the  St. 
Elias-Fairweather  mountains  they  reach  the  lofty  chain  without  any  intermediate 
banier.  To  leach  the  mountains  from  tHuch  the  Frinoe  ^^IBam  Soimd  glaciers  are 
fed,  however,  the  west  and  southwest  winds  most  first  pass  over  a  mountainous  fose- 
land  on  whidi  a  part  of  thdr  vapor  is  necessaiity  condensed.  Enon|^  vapw  still 
passes  over  this  barrier  and  tlie  glacier-supplying  mountains  are  lofty  enoui^  to  give 
rise  to  many  large  glaciers,  but  not  to  push  them  out  to  the  mountain  base,  nof  even  to 
cause  the  tidal  glaciers  to  discharge  with  the  acti\  ity  of  those  of  Yakutat  Bay. 

Contr<ut  in  Size  aiid  Form  qf  the  Inlets.   In  a  comparison  of  the  glaciation  of  Yakutat 

BiQr  and  Frinoe  William  Sonnd,  and  especially  in  considgwng  the  condition  of  foimer 

^■dstfon,  it  must  be  bocne  in  mind  that  the  two  inlets  aie  notably  different  in  both 

riieandfcim.  As  to  size.  Prince Tif^Diam  Sovid  is  several  times  as  la^  as  Yakutat  Bey. 

la  each  case  the  fonn  is  divisibk  into  two  parts*  a  bioad  onter  portion,  said  narrow  inne^ 
•I 
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fiords.  J'lie  inner  fiord  portions  of  the  two  inlets  present  no  fundamentally  important 
difference  excepting  that  while  the  fiord  portion  of  the  Yakutat  Bay  inlet  is  confined  to 
a  dngfe  ioid  only  modttmuiy  Isnnched,  the  oomipoading  portioos  of  Prinoe  TVlDum 
Sound  are  nmneroua  and  some  ol  the  Sard  fingers  an  mudi  Inranched.  Aside  firom  this 
dtffaraioe  tlie  fiords  ol  the  two  leipons  are  so  similar  that  th^  can  be  ritmr^mtmaimm^  in 
the  same  general  terms,  as  narrow,  mountain-walled  fiords,  with  steep  sides,  tnmoated 
spurs,  hanpng  valleys,  and  ever\-  indication  of  powerful  glacial  erosion  as  the  chief 
agent  in  their  shaping.  They  resemble  also  the  fiords  of  the  Inside  Passage  in  southeastern 
Alaska. 

Here,  however,  the  wsemblsncc  between  Yakntat  Bay  and  Prince  tVQBam  Sound 
ends.  Li  the  fonner  tiie  sini^  moderately4)ninrhing  fioid  grades  hito  a  bioadly-opeB, 
outer  bagr  whose  margins  are  formed  not  by  mountains,  but  by  a  foreland  of  outwash 
gravel  on  one  side  and  an  ice  plateau  with  a  fringe  of  gravels  on  the  other.  But  in  Prince 

William  Sound  a  dozen  fiords  from  north,  cast,  and  west  terminate  in  a  roughly  rectangular 
inlet,  mountain-walled  on  three  sides  and  on  the  other,  or  ocean  side,  defended  friHn  the 
ocean  waves  by  mountainous  islands. 

JBsM  rf  Femur  QIanatUm.  At  an  esriier  period,  tmimify  at  least  as«i«al  umlaiius 
agOk  Yakutat  Bay  was  canapfelsfy  fiDed  with  ioe  and  a  great  Yakutat  Bay  COaeier  dis- 
dhaijged  icebergs  directly  into  the  Pacific.  From  the  evidence  of  the  great  amount  of 
erosion  performed  and  of  the  extensive  deposits  made  it  is  clear  that  this  period  of  ex- 
tensive glaciution  was  of  long  duration.  Prince  William  Soimd,  also,  at  an  earlier  period, 
and  presumably  at  the  same  period  as  in  Yakutat  Bay,  was  occupied  by  an  extenaiTe 
glacier. 

During  the  period  «f  greatest  glaciation,  the  biaadiing  tributary  fioida  of  Mnoe 
William  Soond  wen  well  filled  witii  great  traders  and  llftese^  coaveiging  tnm  all  sidssb 

coalesced  in  the  broad  sound  to  form  an  expanded  ice  sheet  of  thepisdmont  type, 
(PI.  CLXXXIV)  which  crowded  up  against  the  islands  wliich  He  across  the  mouth  of 
the  sound,  crept  out  of  the  openings  between  them*  and  rose  above  the  tofw  of  all  bat 
the  westernmost  islands. 

Origin  qf  ik§  Tvn  InltU.  The  fiord  porti«ns  of  both  inlets  as  already  intimated,  are 
interpreted  as  the  product  of  profooiMl  gMal  ooeioD.  The  phenomena  of  facial  ero- 
sion are  dear  and  oonvineing  in  Prince  WiUiam  Sound,  as  they  are  In  tiia  fioidi  of  like 
Yakutat  Bay  inlet.  Loog^iontinued.  vigoraos  ioe  nwtion  ak»g  these  fioids  al^ 
capable  of  explaining  these  phenomoia. 

With  the  outer  bays  tlie  case  is  quite  diflFerent.  Outer  Yakutat  Bay,  though  doubt- 
less modified  in  the  northern  portion  by  glacial  erosion,  and  in  the  outer  portion  by  glacial 
dqxwition,  has  not,  in  the  main,  the  features  which  result  from  shaping  by  glacial  erosion. 
We  betieiw  that  this  outer  bsy  is  a  part  of  the  dialkw  ocean  bed  on  the  eonl^ 
protected  by  glacial  occupation  and  deepened  aSi^ify  by  f^Utfial  erosion  while  the  border 
of  glacial  outwash  gravels  was  being  laid  down  on  the  eastmi  side.  What  will  be  the 
result  when  the  Malaspina  Glacier  disappears  from  the  western  side  cannot  be  stated, 
but  it  seems  ])rol)al)le  that  a  part  of  its  hed  will  become  a  bay  of  similar  origin. 

The  origin  of  the  main  Prince  William  Sound  is  wholly  different  from  this.  It  is  a  rock- 
endosedbay.  We  are  not  in  a  position  to  state  its  origin  with  absolnte  certainly,  thou^ 
there  are  some  facts  of  significance,  pointing  toward  origin  fay  |^<ial  enMian.  At  fint 
thou^t  this  may  seem  a  veiy  far-fetched  hypothesis  and  one  oontraiy  to  probabiKtie^ 
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becftOM  at  Ha  great  depth  and  breadth.  loe  confindl  Ib  nmoir  inoiiiitaiii  vdk^  and 
iowing  through  them  with  n4>idity  haa  qoila  fwonllf  beoi  accredited  with  great  an^ 

sive  power;  but  ice  which,  emerging  from  narrow  valleys,  spreads  out  in  a  broadly-open 
depression,  loses  that  velocity  and  concentration  upon  which  effective  ice  erosion  de- 
pends. While  at  first  sight  this  seems  to  be  a  description  of  Prince  William  Sound,  on 
doaer  study  it  is  found  to  be  not  a  strictly  correct  description.  It  is  true  that  there  are 
immeioas*  namnr,  ioe-cnMkd  fioida^  it  k  tnw  that  Fkinoa  William  Sound  ii  a  bioadiljr 
Q|ien  dc|»eflnin,  and  it  it  tma  that  tihan  aie  peat  dcpIlM  af  Bnttheap- 
pavent  sise  ci  the  depression  ia  diminished  by  the  fact  that  the  western  half  is  largely 
occupied  by  islands;  and  the  apparent  depth  is  less  si^iificant  when  it  is  notetl  that  the 
deep  parts  are  mainly,  if  not  entirely,  along  rather  narrow  submarine  channels  (Fig.  72), 
in  which  it  is  a  reasonable  hypothesis  to  assume  that  the  ice  movement  was  more  vig- 
orous  than  elsewhere. 

A  ftMt  of  inqportanoa  bearing  <ni  this  pioUem  it  that  the  t^ 
themadvet  harotribtttaiy  hanging  vaBeyi  at  tncheiaratiflBt  at  to 
ice  invasion  the  main  valley  bottoms  wcte  well  above  the  pnaoit  tea  leveL  This  being 
the  case,  it  is  inconceivable  tliat  a  few  miles  down  their  courses  such  valleys  should 
become  so  deep  as  the  bottom  of  Prince  William  Sound,  for  this  would  require  an  increase 
in  valley  depth  of  about  1500  feet  in  fifteen  or  twenty  miles.  Two  hj-potheses  are  possi> 
ble  to  aooount  for  tnch  vall^r  discordance,  (1)  orographic  changes,  (2)  differential  glacial 
eroaioa.  Of  the  f  ovmer  there  is  not  on^  no  evidence,  but  there  are  grave  dHBcwHiet  in 
neeoonting  for  the  peenEar  distribution  of  esBoettive  depths,  iHiidi  ha 
and  probable  direction  of  ice  motion  and  show  no  indicatioo  of  origin  by  folding  or  faultp 
ing.  In  favor  of  glacial  action  is  tlie  fact  that  the  ice  was  here  for  a  long  time,  giving  • 
cause  known  to  exist,  and  the  harmony  of  depths  witli  lines  of  probable  ice  flow. 

While  we  do  not  consider  this  explanation  definitely  established,  we  propose  the  fol- 
kxwing  as  an  hypothetit  for  the  conditions  in  the  Prince  William  Sound  r^on.  Before 
^  advent  d  the  ^acien  thete  odtted  here  a  mountain  valley  qrttem  tributaiy  to  the 
loirfand  ol  Prince  William  Soond,  iihoae  bottom  wat  then  at  a  level 
bat  probably  sli^tly  above  the  present  sea  level.  The  glacial  oeeopation  gave  rise  to 
differential  ice  erosion,  deepening  and  widening  the  fiords,  excavating  rock  basins,  and 
eroding  to  variable  degree  throughout  the  main  Prince  William  Sound,  but  especially 
along  the  lines  of  most  rapid  flowage,  namely  out  of  the  fiord  mouth  and  down  the  middle 
of  the  eastern  half  of  the  sound.  We  bdieve,  therefore,  that  Prince  William  Sound  and 
Hm  tributaiy  fUndi  have  been  produced  wiiund  tmkmg  qf  Ike  land, 

JUpoiUa  €f  iftt  Exptmdti  Glaeiert,  In  the  Yakntat  Bay  region  the  eqmnded  ^aden 
have  left  us  well-marked  records  of  both  their  outer  stand  and  thdr  recession.  In  our 
studies  of  Prince  William  Sound  we  have  found  no  such  distinct  records.  As  stated  above, 
tlie  only  interpretation  that  we  can  place  upon  the  absence  of  terminal  deposits  is  that 
these  lie  hidden  from  view  in  Prince  William  Sound  and  on  the  continental  shelf  south 
of  the  mouth  of  the  sound. 

Ertentive  recetsioonl  gravels,  like  thoee  plainjy  visible  in  Rnstell  Fiord,  are  noi  fonnd 
in  Prince  William  Soond.  It  it  potable  that  thit  apparent  abtence  of  glacial  depositt 
may  be  due  to  the  fact  that  our  stadies  here  were  not  extensive  enough,  or  that  the  forest 
covering  has  obscured  the  evidence,  though  this  does  not  teem  probable.  If  glacial  de- 
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posits  are  lacking  in  Priooe  William  Sound,  then  the  recession  of  the  expanded  glacien 
of  Prince  William  Sound  was  different  in  nature  from  that  of  Yakutat  Bay.  It  is  possible 
that  when  the  ice  supply  ceased  to  maintain  the  expanded  i)iedmont  glacier  near  its 
outer  limit  the  ice  margin  was  mainly  in  the  waters  of  the  sound  and  that  the  marginal 
depooils  wen  made  baeath  the  ae».  Thia  is  a  problem  whose  solution  must  d^ieiid 
uptm  fwrther  woek,  and  H  is  poaobk  Uiat  ndi  ntNtfc  wiO  diMOvar  maigiiial  dcpoaita  m 
parts  of  the  region  which  we  did  not  vint. 

Readvance  cf  Glaciers!.  In  Yakiltat  Bay  there  is  dear  evidence  of  a  recent,  but  hnd, 
great  advance  of  the  glaciers,  during  which  they  overrode  but  failed  to  completely  re- 
move a  series  of  gravels  of  earlier  date.  Before  this  advance  the  glaciers  had  been  farther 
back  than  now  and  forests  spread  above  where  the  present  glacier  termini  stand,  as  well 
as  throughout  the  fiord  where  the  overridden  gravA  Ke.  The  reoent  history  has  been  oae 
of  retieat  and  the  forest  has  not  yet  advanced  up  to  the  glader  ftonta.  alUi^^ 
estanding  beyond  them. 

In  Prinoe  William  Sound  the  Racier  htfloiy  baa  been  notably  different.  Some  of  the 
glaciers  are  and  have  for  some  time  been  in  recession,  but  even  here  there  is  no  such  ex- 
tensive semi-barren  zone  between  the  glacier  fronts  and  the  forest  as  in  Yakutat  Bay. 
It  is  inferred,  therefore,  that  where  glaciers  are  retreating  in  the  Prince  William  Sound 
legion  the  reoeanon  baa  not  been  aa  rapid  or  aacKtensiTe  as  in  Yakutat  Bay.  We  have 
ibimd  no  evidence  in  oar  atody  o£  Firuioe  WlUi^ 

and  retreat  similar  to  that  of  Yakutat  Bay,  althouj^  we  find  a  suggestion  of  one  nearby 

on  the  Copper  River.  Hius  we  conclude  that,  although  in  the  period  of  greatest  expan> 
sion  of  glaciers  there  was  a  probable  sj  nchronism  of  advance  and  retreat,  since  that  time 
the  two  regions  have  had  a  quite  different  history.  The  glaciers  of  Yakutat  Bay  read  vanced 
notably,  but  those  of  Prince  William  Sound  apparently  did  not;  the  recent  history  of 
the  YakuUt  Bay  glacien  bai  been  one  of  rapid  ntnal*  tbat  of  Fkmca  "WBBkm.  Sound 
has  not,  and,  in  at  least  one  case,  vdiile  general  wtnat  was  in  progress  in  Yakutat  Bsy 
notable  advance  was  in  progress  in  Columbia  Glacier  and  14  other  ice  tongues  of  Prinee 
William  Sound.  Ultimatcdt^  these  facts  of  difference  in  behavior  of  ^adters  in  diflferaA 
parts  of  the  same  coastal  mountain  region  will  doubtless  liave  importance  in  interj)reta- 
tion  of  the  causes  of  the  difTercnce;  at  present,  with  the  limited  range  of  our  facts,  we  can- 
not present  a  verified  interpretation.  Whether  it  is  due  to  local  climatic  variations,  or  to 
difference  in  tinia  of  leiponae  to  men  genenldimatfevawationa,  or  to  i 
quake  ahaking»  we  cannot  now  detennme. 

PMmomt  Glaetert  and  AHation  Morainet.  Owing  to  the  fact  tbat  large  glaciers  have 
extended  with  abundant  supply  from  lofty  mountains  out  upon  lower,  fair^-levei  land 
at  their  base,  many  of  the  glaciers  of  St.  Elias-Fairweather  moimtains  have  spread  out 
at  tiie  mountain  base  in  piedmont  bulbs  and  ice  plateaus.  This  condition  is  characteris- 
tic of  such  glaciers  in  their  lower  ends  in  tlie  Yakutat  Bay  region  and  its  neighborhood 
to  the  northwest  and  sontlieaat  It  ia  entirdy  absent  from  the  Frinca  WUHam  Soend 
legions,  becauae  one  of  the  factoia  which  give  riae  to  it  is  absent,  namely  the  teiminatien 
of  i^bMiers  on  lower,  level  land.  Some  ol  the  f^acien  end  in  the  fiords,  and  these  cannot,  | 
of  course,  assume  the  piedm<Mit  bulb  form  because  expansion  is  checked  by  iceberg  dis- 
charge <hie  to  the  attack  of  sea  water.  Otliers,  that  end  on  the  land,  are  confined  in 
narrow  valleys,  and  licrc  tfxi  lateral  expansion  is  prohibited.  It  is  ]K)ssil)le  that  -ome 
glaciers  from  side  valleys  entering  larger  main  valleys  may  in  this  region  expand  into 
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of  it.  In  the  Copper  River  valley,  however,  there  are  some  excellent  taeamples,  notably 
Miles  and  Allen  Glaciers,  which,  descending  from  tributaiy  vaUcy8»  cacpMid  on  the  bvoad 
floor  of  the  Copper  River  canyon  into  true  piedmont  bulbs. 

Among  Uie  glaciers  tJiat  we  have  studie<l  in  Prince  William  Sound,  only  one  or  two 
bore  an  extensive  burden  of  ablation  moraine,  such  as  one  finds  so  commonly  in  the  Yaku- 
taftBay  region.  This  may  b«  due  partly  to  the  Inaer  friability  of  t^^ 
thmgh  whieh  tlie  Prince  William  Sound  glacien  flaw,  bat  it  is  paitliy  dne  and  peiliapa 
mainly,  to  the  fact  that  the  glacier  ends  are  not  subjected  to  the  long-continued  wastage 
of  the  stagnant,  piedmont  condition.  That  the  latter  is  the  main  reason  is  suggested 
by  the  fact  that  the  piedmont  bulbs  of  the  Miles,  Allen,  and  many  other  glaciers  of 
the  Copper  River  whose  debri.s  supply  is  from  rocks  of  similar  character  to  tliose  of  the 
Prince  William  Sound  region  are  mantled  with  ablation  moraine  like  that  upon  the 
^aden  d  Yakntat  Bay. 

Cmau  €f  RtmU  Adtmteei,  As  is  folly  stated  in  eailier  chaptefs  some  of  the  giaden 
of  Yakutat  Bay  have  undergone  a  remarkable,  recent,  spasmodic  advance  and  tranrfbimap 
tion,  which  we  believe  to  be  the  result  of  an  impulse  originating  in  sudden  and  unusual 
accession  of  snow  in  the  glacier  reserv  oirs  during  the  severe  shaking  which  accompanied 
the  earthquakes  of  September,  1899.  No  similar  recent  advance  and  transformation 
was  observed  in  the  glaciers  of  Prince  Wilham  Sound,  but  Childs  Glacier  on  the  lower 
Copper  Hirer  had  a  sim3ar  episode  in  IHIO. 

The  veeent  advanoe  of  the  Columbia  and  14  otiier  Prince  Vmiiam  Sound  Glacien  is 
Aot  in  the  same  class  with  the  advance  of  the  9  ice  tongues  of  the  Yakutat  Bey  legion, 
either  in  rate  of  change  or  exfonl  of  the  transformation.  The  recent  advance  of  the 
Prince  William  Sound  glaciers  may  have  been  a  response  merely  to  minor  variations  in 
climate;  or  it  may  be  a  response  to  some  period  of  slight  earthquake  shaking  in  the 
Cbugach  Mountains.  Upon  this  question  it  is  at  present  impossible  to  speak  with  more 
definiteness,  for  ire  have  a  veiy  limited  series  of  obserratians  of  these  i^adeis.  Tliat 
tiie  period  of  advance  and  reoesnon,  and  that  the  exUsA  and  degree  to  idiich  these  varia- 
tions  take  place,  are  different  in  the  two  regions  is  to  be  eq»eeted. 

In  order  that  tlie  explanation  of  the  variations  may  become  established  it  is  important 
that  we  have  data  covering  a  long  pei  iod  of  years.  At  present  our  difficulty  is  tlie  brief- 
ness of  the  period  of  observation,  and  the  fact  that  we  do  not  have  a  larger  basis  for 
comparison.  When  this  work  has  covered  a  wider  area  and  a  greater  number  of  years 
the  Alasfcan  f^aciew  may  be  eiq>ected  to  give  answew  to  some  of  the  facial  ptobienisno^ 
only  of  local,  but  of  widespread  and  even  genenlinteiest.  Their  activity  and  variabilis, 
their  vastness  and  variety  of  form  lead  one  to  expect  important  results  as  an  outcome 
of  connected  study  of  their  characteristics  and  behavior. 

THE  END 
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Colombo  Glacier,  11^ 
Concordia  Glacier.  357.  S£&. 
Confluence  step.  342, 
Consequent  glaciers.  UL 
Contact  Glacier,  SLL 
Continental  ice  sheets,  light  on.  22. 
Continental  shelf,  glaciation  of.  477-478. 
Cook,  Frederick,  IIL 
Cook.  Jamea. 
Copper  Center,  316,  312. 
Copper  Glacier,  bL 

Copper  River.  388. 409. 41S.  481-432.  ^ 
alluvial  slope  west  of.  468-464. 
deposits  of,  461-462. 
depth  of,  4dIL 
details  r^arding.  45ft-461. 
6ord, 

glaciers  and  glaciation  of.  232-236,  451-469. 
glaciers  near  headwaters  of,  IL  liL 
glaciers  of  lower.  IS.  882-236.  389-450. 
grade  of,  452,  457. 
summary  of  glaciation  of,  468-468. 
velocity  of.  459.  ifiQ. 
volume  of.  46Qx 
width  of, 

Copper  River  and  Northwestern  Railway,  404.  405. 

ilg,  433,  438.  445,  457,  4M=AffiL 
Copper  River  can.von.  232.  234.  414,  439. 

between  Chitina  and  Tasnuna  Rivers.  45 1-4.5 6. 
between  Tasnuna  River  and  Childs  Glacier, 
456-458. 

extent  of  glacier  studies  in,  285-286. 

general  view  of  glaciers  of. 

geology  of,  23a. 

readvance  of  glaciers  of, 

south  of  Childs  Glacier.  45a. 
Copper  River  delta,  232,  234,  394,  45H-466. 

^ciers  near,  380-8!)4. 

submergence  at,  462-46.S. 
Corbin  Glacier,  237.  240.  848.  2^ 
Cordova,  234,  386.  480- 
Comice  glaciers,  I9S-199. 


Corser,  Caleb.  483,  445. 

CottereU  Ghicier.  STL  324. 

Coville,  F.  v..  53.  278.  S80. 

Coxe  GLader.  2^ 

Crammer.  Hans,  222^ 

Croiss  Sound,  glaciers  ne&r,  &. 

Crescent  Glader.  296.  308,  309.  311. 

Culmo-,  H.  L.  A.,  39fl. 

Culross  Island.  472,  428. 

Culroas  Passage.  35L  3(>SL  320. 

Curtis.  E.  C.  859. 808,  SiL 

Curtiss,  F.  IL  14, 

Gushing,  iL  P.,  2. 

Cycle  of  change  in  Galiano  Glacier,  88. 

D 

Dadina  Glacier.  18. 

Dall.  W.  iL,8.10.14.17.18.19.8Q.47.Miilfi. 
Dalton  Glacier,  88. 
Dalton.  John.  93. 

Dartmouth  Glader.  806. 8M.  909.  818, 812. 
Davidson.  George.  8.5.6.7.8,13,17,18,45,46^ 

108,  217.  888.  886.  889.  857.  289.  297.  363.  371. 

328. 

Davidson  Glader.  L  §i  Z« 

Davis,  W.  M.,  418. 

Dawes  Glacier,  8.  1. 

Dawson.  G.  M..  8,  18, 19,  90,  477^  Iffl. 

Days  Harbor,  glaciers  of,  li. 

Delta,  in  Seal  Bay,  rate  of  growth,  1^ 

Ddta,  of  Q^per  River.  458-466. 

Delta  River,  gladers  near,  IfL 

Ddtas,  soundings  near,  Hi, 

de  Margerie  Glacier,  3. 

Denver  Glader,  fi. 

Deposits,  marginal,  211-212. 

Deposits  of  piedmont  gladers.  220. 

Detached  Gburier.  319.  332,  333. 

Detached  ice,  of  Miles  Glader,  425. 

Devils  Thumb,  gladers  near,  3. 

Dewey  Creek,  hanging  valley  near,  122. 

Dexadeash  valley,  LftL 

Diastrophic  hypothesis,  lllfi. 

Dickey.  W.  A.,  UL 

Dirt,  or  Mud  Glader,  S. 

Dirty  Glader,  319,  334=338. 

Disenchantment  Bay,  25. 

soundings  in,  218. 
Dixon,  e]q>loration8  by.  217.  3S2. 
Donjek  River,  gladers  near,  UL 
Doroshin  Glader,  11. 
Downer  Glader.  m.  300. 
Driftless  area,  near  Alaganik.  466-467. 
DrifUess  area,  on  Hinchinbrook  Isbnd,  476-477. 
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Drop  GUcier,  li. 
Dunn,  Robert,  l£j  Ifi. 

E 

EsgleGUder,  2. 

Eagldc  Bay.  tSiL 

Eakin,  IL  M.,  18,  ^ 

Eat  Mountain,  gladation  ol.  2(L 

Earthquake  advance  theoty,  168-197. 

Earthquake  avalanche  supply,  theory  of,  180-181. 

Earthquake  avalancfaing.  89^  iOH. 

Earthquake  hi-pothcaes,  untenable,  179-180. 

Earthquake  hypothena,  ^>pUcation    to  former 

greater  ezpanaion  of  glaciers,  Ifl^-lftT. 
Earthquakes,  6^  9.  173,  228,  Ml,  ^  8^  411.  418. 

484.  486. 

effect  on  gladera.       140-141.  17g.  19$.  815- 
818. 

Egerton.  H.  G.,  £^  B. 
Eldiidge.  G.  H»  5.  Ifl. 

Elevated  beaches.  222. 

Elevation  and  tilting,  hypothens  of.  178-179. 

Eliot,  Chariea  W.,  288. 

Eliot  Glacier.  ^ 

Eliza,  Don  Francisco,  289. 

Ellamar,  224. 

EUia,  Cariyie.  m. 

Elrington  Island,  473. 

Elrington  Pasitage,  478,  4Z4. 

Emerson.  B.  K..  23S. 

Endicott  Arm  <rf  Holkham  Bay.  glaciers  in,  4. 
Endicott  Mountains,  extent  of  gladation  in,  1,  19. 
Eskcrs.  origin  of.  22L 
Eaker  Stream,  7L 

Esther  Island,  gladation  of,  841.  47g. 
Esther  Passage.  2iHL 

F 

Fairbanks  district,  gladation  near,  1&. 
Fairfield  Harbor,  gladers  of,  14. 
Fairweather  Range,  26. 

earthquake  avalanching  in,  19.8. 

gladers  east  of,  Z. 

gladers  on  Padfic  coast  of,  8.. 
Fallen  Glader.  16&-167. 
Falling  Glader.  374. 
Ferebee  Glader.  5. 
Femow,  B.  E.,  238»  SAL 
Fickett.  F.  W..  Sfi2. 
FickeU  Glader,  892.  ifiZ. 
f^algo,  explorations  by,  235^  280^  382. 
Fidde  Glader,  Ifi. 
Filippi,  Filippo  de,  42- 
Pinstcrwalder,  S.,  176^  IM,  Slfl. 
Fiord,  filled  by  deposition,  382=388. 


Fiords,  4,  216-221.  255.  284-285.  293-296.  80»- 
312,  341-342.  357-358.  367-368.  383-384.  38»- 
887.  458.  472-475.  483. 

FSsh  Commission,  9,  10,  93,  109,  114. 

Flag  Point,  precipitation  at,  412. 

Fleiahmann  Glader,  LB. 

Flemming  Island.  473,.  4I1L 

Flood  Glacier,  8. 

Florence  Peak.  232,  235,  282. 

Flowage  and  fracture  in  ice,  184. 

Flowage,  sone  of.  444. 

Forel.  A.,  318. 

Forest  on  Malaspba  Glacier.  44. 

Forest  Service.  468. 

Fort  Liscum.  precqiiUtioo  at,  m.  ^  ^  07; 

816.  an. 

Fosae,  148-149.  156.  lifl. 
Foster  Glader.  5. 

Fourth  Glader,  11,  34,  160-164,  202.  221. 
Fracture  and  flowage  in  ice,  184. 
Frederick  Sound,  gladers  near,  8-4. 

gladal  eroaioa  in,  4. 
Fiederika  Glacier,  12,  192. 

advancing  ice  tongue  near.  198. 
Fremanllc  Glacier.  247. 

G 

Gakona  Glader.  1^ 

Galiano  Glader.  24,  80-90.  169.  172.  177.  179.  204, 

205.  207,  210.  228. 
Gannett,  Henrj ,  37,  115,  187.  141,  146,  147,  ML 

288.  286.  297,  299,  307-310.  819.  820.  322.  3^4, 

828.  332.  333,  334. 
Garrison  Glader,  (L 
Geikie  Glader.  Z. 
Geological  Survey.  U.  S.,  21,  28. 
Gerdine.  T.  G.,  16,  286,  242. 
GUbert,  G.  K.,  l,2»7^8,g,14,19,20,23,36.8i 

96.  108.  109.  110.  114.  118.  188.  187.  141.  142. 

146.  148,  140,  151,  152,  159,  168,  190,  192,  215. 

217.  222.  223,  220,  233.  236.  258.  259.  2C0.  263. 

864,  265,  266,  268.  269,  270,  27C,  277,  iSQ. 

281.  282,  283,  ^6,  287,  ^1.  30L  302.  30t,  305. 

306.  307.  808.  309.  313.  315.  320.  322.  326.  SSS. 

334,  335.  336.  338,  34L  34L  348,  469,  478,  iSfl. 
Gladal  deposits.  285-286.  312-313.  343-346,  S5»- 

860,  384,  461-462,  479-480,  483-484. 
submerged.  22l-2iL'i 
vegetation  in.  22Z. 
Glacial  drift,  section  near  Gilumbia  Glader, 
Glacial  erosion.  4,  226,  284-285  ,  293-296,  309-312, 

341-343.  357-358,  367-308.  I{83-384,  3ft6-387. 
bdow  sea  level.  140,  216-221.  284-285.  tt& 

809-811.  342=812. 
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Glacial  lakes.  477. 
Glacial  Period.  228. 

Glacial  ailts.  4as-4fifi. 

Glacial  streams,  details  regarding.  4AA~A61. 
Glaciatioo, 

causes  of  existing,  ^ 
extent  of  former,  L 
extent  of  present.  L 

hd^t  of.  ^  341^  383,  386^  453,  456,  469. 
47g.  476,  ATL 
of  Alaska.  ^t=2L 
Glacier  Bay.  glaciers  of,  7-0. 

fanner  expansion  ol  glaciers  in.  IQJL 
Glacier  flood  hypothesis.  39,  168-197. 
Glacier  highways.  VL  IMa  160,  21L  2fiJL 
Gladen.  advandng.  87-40.  45-48.  5L  84-57,  64, 
71-73.  84-85.  96, 98-100.  110-118.  119-121.  139- 
140,  152-158, 191-193,  248,  £63^^  2H7-i88,  g91, 
g99,  301-305.  307-308,  384.  335,  364-365.  377, 
400-409.  411-412,  423,  437-438.  445.  449-450. 
ineffectiveness  of  weak,  22fi> 
of  Alaska,  hzii. 
piedmont.  225=220. 
relation  to  mountains,  L 
southenmiost  seen  from  steamer,  4. 
termini,  201=^ 
Glave,  E.  J..  UL 

Glenn.  E.  F..  18,  14,  238,  294,  297,  806,  307,  319, 

821,  322,  340,  351.  SC2,  366,  370,  375,  376,  STIL 
Goode.  B.  U..  2. 
Goodwin  Glacier.  392-398.  isa. 
Graben  faulting,  473. 

Grand  Canyon  of  the  Colorado,  comparison  with, 
45L 

Grand  Pacific  Glader,  7.  8. 10. 109.  ISA. 
Grand  Plateaa  Glacier.  IIL 

Grant.  U.  S.,  15,  233,  286,  237,  243.  247^  MO,  251. 

252,  254.259.  gQS^  264.  265.266.  267.  268.  269.270. 

276,278,  279,285.  286.  287.  290.  291. 297,  203.  299. 

301.  302.  307.  308.  311.  314.  820.  328.  824,  328. 

329.  330.  332.  333.  884.  883.  886.  837.  888.  840. 

342.  84.;.  848.  351.  354.  355.  856.  8fK).  861.  862. 

863.  865.  369.  870.  371.  372.  878.  874.  375.  376. 

377.  379.  380.  38L  M8,  M4,  885,  886»  3^  45L. 

469,  472.  473,  474,  477,  478,  479.  iSiL 
Gravels,      index  under  outwash. 
Great  Glacier  of  the  Stikine  River,  S. 
Greely.  A.  W.,  2,  5,  2aiL 
Green  Island,  469, 
Grewingk  C,  235.  396,  416,  4M,  44(L 
Grewingk  Glacier,  LL 

Grinnell  Glader.  411,  412,  414.  415.  484-488.  445, 
4fiZ. 


Gulkana  Glader,  UL 

Guyot  Glader.  41^  46,  49,  50,  5L 

H 

Haenke  Glader,  98-101,  169,  172,  178.  182.  184, 

HamOton.  E.  G.,  3fi3. 
Hanagita  valley.  451. 
HanagiU  Watergap,  454^  455. 
Hanging  Glader,  142.  144. 

Hanging  valleys,  202,  219-221.  253.  254.  293.  305. 

809-310,  342.  367,  380,  398.  435.  450.  452.  453. 

457,  458,  472,  476. 
Harriman  Expedition.  8,  9,  14,  20.  28,  86.  37.  58, 

146.  151.  159.  216.  217.  236.  259.  267.  268.  297. 

801.  302.  808.  320.  822.  826,  328,  830,  332,  884. 

885. 

Harriman  Floid.  285,  3I&iS5iL 

smaller  gladers  of.  SSfirSSZ. 
Harriman  Glader,  319,  SiW,  884-335,  3fil. 
Harvard  Glader,  14^       298-299.  807.  809.  SiL 
Harvard  University.  fflS. 
Harv^  Glader,  IfL 
Hawkins,  E.  C.  399,  414,  437,  462. 
Hawkins  Island  Cut-off,  470. 
Hawkins  Island,  glaciation  of,  38L  480. 
Hayden  Glader,  42-43,  58,  15, 
Hayes.  C.  W..  4,  11,  12,  18,  20.  21.  192.  2.83.  236. 

^  400,  417,  419,  429,  434,  435,  43L  ^  4Ifl. 
Hayea  Glader.  Ifi. 
Headwater  erosion,  454. 
Hegg,  £.  A..  399,  400,  ilfi.  4^  485^  4SZ. 
Hello  Bay.  gladers  near,  IZ. 
Hendrickson  Glacier,  165.  166.  169.  112. 
Heney  Glader.  205.  210,  UL  412,  439.  445.  446- 

452.  407.  469. 
Herbert  Glader.  2. 
Herron  Glader, 
Herron,  J.  S.,  16,  851^  SfiS. 
Hershey.  O.  IL.  UL 
Hess,  H^  182. 

Hidden  Glader,  10,  IL  108, 140-159,  168. 171.  172. 

179.  182.  188.  184.  187,  193,  194,  196,  m,  201. 

208.  227.  230. 
Higgins.  D.  F..  15,  233,  236,  243,  2M,  254,  259,  264, 

2C5.  206.  269.  270,  279.  285,  2SG,  287,  290,  297, 

299.  307.  308.  311.  320.  323.  824.  828.  329.  830. 

832,  338.  884,  335,  337,  340.  342.  345.  348.  351. 

855.  856.  360.  361.  868.  865.  869.  370.  .871.  873. 

874,  375,  376,  377,  380,  381,  383,  384x  380,  389, 

451.  469.  472.  478,  474.  477.  478.  479.  480. 
Higginson.  Ella.  L  25iL 
Hill,  C.  E.,  11. 

Himalayas,  advance  of  gladers  in.  168,  IfiL 
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Hindiinbrook  Entrance,  475.  477. 
Uinchinbrook  Island, 

driftless  area  on,  47B-477. 

gladation  of,  381-38ig.  469.  480. 
Hobbt,  W.  H„  S&L 
Hodzana  Hif^hland,  glaciation  of.  1ft. 
HuKback  Glacier,  iSI. 
Holkham  Bay,  glacier  in,  ^ 
Holt,  C.  G.,  saL 
Hotyoke  Glacier,  300,  Slfi. 
Hoodoo  Island,  473. 

Hubbanl  Glacier,  IL  lOl-Hg-  171.  ITg.  ITS.  188. 

194^  196,  15>L  20L  «Q«,  «0i  §04,  ili.  ilS.  «15i 

^10.  iiL  ^iJii- 
Hugh  Miller  Glacier.  Z. 
Hunter,  J., 

HutJi  Bay,  icebergs  in,  4. 
Hypothesis,  glacier  flood,  1H4-1S7. 

of  climatic  variation,  17&-178. 

of  elevation  and  tilting,  1 7^-179- 

of  Gilbert,  climatic,  Ifli. 

<rf  response  to  ablation,  178. 

of  submergence,  IM. 

untenable  earthquake,  17<»-180. 

I 

Icebergs,  3,  04,  10g-l(W.  ISC.  >lg-^U.  £16.  £67. 

405.  430.  4IiL 
Icebergs,  evidence  of  conditions  in  bottoms  of  gla- 

ciera  from,  1KS-18» 
Iceberg  waves,  213^  SOT^  401-405. 
Ice  blocks,  buried,  gg7-'MH 
Ice  flood  bypotiiesis,  168-1&7. 
Ice  jam  <A  June.  1910,  21i=21fl. 
Icy  Bay, 

of  Prince  William  Sound,  ^  874-380. 
the  new,  50-51.  ilfl. 

the  old.  45.  ^ 
Icy  Strait,  glaciers  near,  &. 
niamna  Lake,  glaciers  near,  IZ. 

Innoko  district,  glaciation  in,  1&. 

Interior  flats.  fi2.  Tfi,  78-79,  118-119.  115, 

180.  im         434.  430-137.  44^-448.  448-449. 

International  Boundary  Surveys,  see  Boundary  Sur- 
vey. 

International  Committee  on  Gbuners,  181-18g. 
International  Geological  Congress  excursion,  8,  24^ 

96,  lOSi  113,  140,  159,211L 
Islands  of  Prince  William  Sound,  glaciers  on,  380- 

laostasy,  4ZSL 

J 

Jackaina  Glacier,  12. 
Jagger,  T.  A.,  18. 


Jarvis  Glacier,  (L 

Johanaen.  A.  O.,  2i9. 

John  River  valley,  dying  glacier  in,  Iftx 

Johns  Hopkins  Glacier,  L 

Johnson,  A.  O.,        ^  ^  4QL  ^  403,  430^ 

431,  432,  mL 
Johnson.  B.  Lu,  388. 
Johnson  Glacier,  393-394. 
Johnstone,  Lieut.,  235.  364,  3S2. 


{[ahiltna  Glacier,  Ifi^ 
Kame  moraine,  lAO- 
Kamea,  i^L 

Kaskawulsh  Glader,  IL  lOL  UkA. 
Katmai  Pass,  glaciers  near,  17. 
Kati,  P.  J.,  LL  LL 
Keeler,  Cliarles,  222. 
Keen,  Dora,  12. 
Kelly.  L.  S.,  851,  SflS. 
Kenai.  810,  817. 
Kenai  Mountains,  232.  SZL. 
Kenai  PeninsuU,  glaciers  of,  14-1.'{. 
Kennicott  Glacier,  1«»  ILL 
Kettles,  149-150.  151,  lafi.  IfiS. 
Khromtchenko,  LieuL,  IQS. 
Kialag>'ik  Bay.  glaciers  near.  17. 
Kigluaik  Muuntaiiu,  glaciation  of,  Hi. 
KiUisnoo,  precipitation  at,  IZfl. 
Kings  Glader.  314. 

Klondike  district,  glaciation  near,  IS. 

KloU,  Otto,  L  4,  £^  8.  9.  IIL 

Klutena  Glacier,  ^ffi. 

Klutlan  Glacier,  LL 

Kluvesna  Glacier,  11. 

Knapp  GUcier,  fi. 

Knight  Island.  409,  4ZS. 

glaciers  on,  380. 
Knight  Island  Passage,  472,  414. 
Knik  Glacier,  IS.  14.  Slfl. 
Knob-and-basin  topography,  282. 
Knopf,  A.,  5,  9,  13,  LL  15. 
Kobuk  River,  glaciatbn  of.  19. 
Kodiak  Island,  glaciation  of,  14. 
Koehler,  R.  A..  397.  413.  ilfl. 
Krause,  Arthur  and  .Aurel,  fi. 
Kuskokwim  valley,  gladation  in.  18,  SL 
Kuskulana  Glader,  11. 
Kwik  River,  43,  56.  iXL 

L 

La  Gorce  Glader,  446.  45Z. 

La  Goroe,  J.  O.,  44fi. 

Lake  Clark,  glaciers  near,  12. 
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Lake  Lindemann,  gUders  near. 

Lakes,  marginal,  iii-ii^l.  m  283.  4^t8H^^tO. 

Lamplugh,  G.  W..  7^ 

I>Aagdon  Glacier,  314 

La  Ferouae  Glacier,  8.  103. 

La  Perouse.  CapUin,  10,  212. 

Lateral  moraines,  313^  325-3^7.  388.  323L 

Latouche  Island,  gladation  of.  S8L  Hii  ^  ^ 

Latouche  Passage.  478.  4Z2. 

Lava  flows,  near  Blue  River.  S. 

Lawrence  Glacier,  350.  339. 

Learnard  Glacier.  S65j_  SfilL 

Leamard.  IL  G..  351,  863, 

Le  Blondeau  Glacier,  6,  L 

Le  Conte  Glacier,  8^  1^ 

Leduc  River,  gladers  near,  2. 

Lemon  Creek  Glacier,  2. 

Leslie  Glader,  & 

Lewis,  W.  B.,  87,  244^  250,  808^  39&  42Q. 

Libbey  Glacier,  &L 

Libbey,  William,  4L  48. 

Lion's  Head  Mountain,  gladers  on,  IL 

Uttle  Glacier,  of  Stikine  River,  3. 

Lituya  Bay,  glaciers  in.  10,  lfl3. 

Live  Glacier,  2£L 

Uewellyn  Glacier,  IL 

Lobes  of  Malaspina  Glacier,  41-42. 

Loess,  456. 

Logan  Glacier,  12.  IfiS. 
Lone  Island.  4fi&. 
Long  Bay.  21HL 
Long  Glacier.  12. 
Lowe,  Lieut,  £M. 
Lowell.  A.  Lawrence,  298. 
Lowell  Glacier.  2513. 

Lucia  Glacier.  59-fi9.  170,  171.  172,  178-179.  185, 

187,  201,  2<>4.  H)5,  illL 
Lynn  Canal,  glaciers  east  of,  5-6. 

glaciers  near  head  of.  (L 

glaciers  west  of.  C-7 

M 

McCarty  Glacier,  165,  166.  169.  172. 
McConnell.  R.  G.,  U,  18.  104i  125- 
McCune  Glacier,  447^  450. 
McGillivray,  Capt,  21fi. 
McKinley  Lake  Glacier,  467. 
McPherson  Glacier,  393x  4fil.  * 
McPherson,  J.  L.,  393,  398^  4«0^  4Q2. 
Maddren.  A.  G..  10,  12.  IS  1£,  2^ 
Mahk),  Emil,  286,  24L  250^  257,  3aa. 
Malaspina,  Don  Alessaudro,  exploration  by,  108. 
soundings  by,  217,  gift 


Malaspina  Glacier.  32-33.  41-5B.  170.  172. 178. 190. 
1H,S,  1R4.  186.  192.  19.i.  2U1.  204,  Hi^  225. 
area  of.  IL. 

early  observations  of.  45. 

later  observations  of.  48-49. 

native  legend  of  advance  of.  47. 

possible  great  advance  of,  4.'>-4a. 

relations  to  snow  line.  4^ 

Topham's  map  of,  50. 
Manaon.  M'.,  fi. 
Marginal  depcsits.  211-212. 

Marginal  drainage.  03,  154-155.  271.  278.  282.  886. 

MO,  405,  419,  441-44i.  44C. 
Marginal  lake  in  Russell  Fiord.  222. 
Marine  shells.  274,  279,  28Z. 
Marquette  Glacier.  356,  ^ 
Martin,  G.  C,  18, 14,  17,  394,        468a  478. 
Martin  River  Glacier,  IS,  894,  4118. 
Marvbe  Glacier,  42,  53-58.  169.  170.  172.  178. 

179.  180.  188.  184.  207.  221. 
Marvine  lobe  of  Malaspina  Glacier,  58. 
Matanuska  Glacier,  13,  14.  29iL 
Mathys,  P..  14. 
Meade  Glacier,  IL 
Meares.  Capt..  382. 
Meares  Glacier,  289,  ^  808,  SIL 
Medial  moraines,  inclined,  3S&^ 
Meehan,  Thomas,  "L 
Meiklejohn  Entrance,  425. 
Mendenhall  Glacier,  &  fi. 

Mendenhall,  W.  C.  12.  18,  15,  16,  18,  19,  238.  297. 
299,  807,  812,  820,  S2L  844.  851.  855.  862.  868. 

360,454. 

Mentasta  Mountains,  glaciers  of,  15. 
Merriam,  C.  Hart,  236,  308,  S1Q±  820,  928. 
Middleton  Island.  477,  418. 

Miles  Glader.  205.  210.  ^  895,  412,  418,  414- 

434.  46L  468,4fla. 
precipitation  at,  412. 
Miles  Lake,  424^=125. 
Miller,  C.  R., 
Miller  Glader,  98-99.  172. 
Milton  Glacier,  357,  250. 
Milwaukee-Downer  College,  200. 
Mi.ssissippi  River,  comparison  with,  4fiQ. 
Mitkuf  Island,  delta  built  by  glacial  stream  near,  8. 
MoflBt,  F.  IL,  12,  15,^  16,  20,  234,  286,  399,  419, 

429.  iS\.  437. 
Montague  Island,  gladers  on,  881.  469.  477.  479. 
Montague  Strait,  475. 

Moraine  bars,  294,  tt5,  812,  818,  Stt.  344,  84g. 

346,  358-359.  415. 
Moraines,  ablation,  205-211. 
Moraines  below  sea  level.  277-278.  204=205. 
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Montine  terraces,  SIS. 

Morse,  Fremont,  3,  8,  10,  27.  IIHL 

MountAiiu.  relation  to  glaciers.  1. 

Ml  Blackburn,  gladers  on,  liL 

Mt.  Coville.  StSL 

Mt.  Curtis,  3iL 

Ml  Douglas,  gladers  on,  IT. 

Ml  Drum,  glaciers  on,  12. 

Mt.  Emerson.  340. 

Mt.  Fairwcather,  fl. 

Mt  Gannett.  Slfl. 

Mt.  Gilbert.  232^  81«. 

Mt.  Grant,  228, 

Mt  Hawkins,  ill. 

Mt  Hayes,  glaciers  neu,  ISa 

Mt  Iliamna,  glaciers  near,  KblL 

Mt  Isanof,  gladers  on.  11. 

Mt  Kimball,  glaciers  near,  14. 

Mt  McKinley  region,  glaciers  of.  Ifl. 

Mt  Makushin.  gladers  on.  IL 

Mt  Muir,  ailL 

Mt  Redoubt  glaciers  near, 

Mt  St.  Augustine,  gladers  on,  U. 

Mt  St  Elias,  glaciers  near,  IL 

Mt  Saaford.  gladers  on.  12. 

Mt  Shishaldin,  gladers  on,  17. 

Mt  Sumdum,  glaciers  near,  i. 

Mt  Wrangell,  gladers  on,  12. 

Morement  of  Quids  GUder,  rate  of,  iOL 

Mud,  or  Dirt  Glacier,  3. 

Muir  Glader,     7.  8,  9. 76. 109. 193,  Iflfi, 

Muir,  John.  2.3.4.5.7.8.9,.19.^  233.  347. 

Muldrow  Glader,  Ifl. 

Muldrow,  Robert  Iflu 

Murduson,  S.,  391.  400. 

N 

Nabesna  Glacier,  12. 

Nadina  Glader,  LL 

Nagaief.  explorations  by.  233, 

Naked  Island,  46a. 

Nassau  Fiord,  375. 

NeUie  Juan  Glader.  871-372.  SIS. 

Netland.  L..  10. 

N^vf-shcathed  slopes.  309.  334.  361.  Mfi. 

Niaqually  Glader,  SflfL 

Nizina  Glader,  li. 

Nordenskiold,  A.  E.,  Ifl. 

Norris  Glader,  4,  fi. 

Northland  Glader,  S57. 

Nudtek.  predpitation  at  234. 

Nuka  Bay,  glaciers  of,  11. 

Nunatak  Fiord.  25. 218.  22L 


Nunatak  Glader,  10,  11^  108.  109.  131-141.  l*L 
168,  171,  172,  193,  194,  196,  197,  199,  200.  »L 
202.  203,  204,  212,  216,  227,  230. 

Nunataks,  6i.  65.  282-283.  409.  472.  Alfi. 

Nutcfaek  Island.  iZfi. 

Nutsotin  Mountains,  gladers  of,  UL 

o 

O'Connor  Glader.  LL 
OgUvie,  N.  J..  8.  140.  LLL 
Oklune  Mountains,  gladers  in,  lA. 
O'Neel,  A.  C,  325.  3flfl. 

Orange  GUder.  107.  116.  126-128.  197,  200.  222. 

Orcm  Bay.  gladation  of.  382=3Sa. 

0k»  Inlet  gUdatkm  cl.  885-388,  458.  405,  m, 

Orca.  precipitation  at  234,  412. 

Oriebar  Glacier,  S. 

OiKOod.  W.  IL.  IL 

Oatwaah  gravels.  227.  313.  426.  443,  Mix  MS.  Mi. 

458.  459,  461-t62.  4C3-464.  480. 
Overiapping  spurs,  truncated, 
Overridden  gravels,  151-152,  IM. 

P 

Pftdfic  Mountains,  gladation  of.  21. 

gladers  in,  L 
Paige,  Sidney,  IS^  14»  »7.  SO«j  820.  823.  M4.  830.^ 

335.336,  331. 
Palacfae,  Cbarlea,  233.  m. 
Parker.  H.  C,  Ifi. 
Passage  Canal,  235.  851-.S69. 
Patterson  Glader.  3.  4.  m. 
Pavlof  Mountain,  gladers  on,  11. 
Peak  Island,  460. 
Pedro  Glader,  2S2,  !^  ^ 
Pelagrini.  Joaeph.  5L 
Pendc  A..  228. 
Peneplain,  477. 

Perkins.  G.  W.,  370.  375.  876.  377. 
Perry  Island,  4fi&. 
Peters  Glader. 
Peters.  W.  J..  Ifi. 

Petioff.  Ivan,  2.  ^85.  240.  259.  287.  851.  ttS.  ML 
883. 

Piedmont  bulbs.  8L  204-205.  225.  226.  254.  290. 

415.  484=480. 
Piedmont  gladers.  44-45.  49.  59.  225.  226.  i&k=m. 
Piedmont  Glacier  of  Prince  William  Sound,  409- 

420. 

Pigot  Glader.  839.  340. 
Pitted  plains.  14(>-150.  158.  158.  221. 
Pleistocene  gladation.  2LL 
Plucking.  S4L  4C 

Point  Manby.  former  advance  near.  52=53. 
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Point  Riou, 

Popoff  Glacier,  3. 

Porcupine  district,  glaciation  in,  fi- 

Porpoise  Rucks,  479. 

Portage  Bay,  85L  3fi  1-368. 

Portage  Bay,  cascading  glacier  in.  SSL 

Portage  Glacier,  dOi^^ifi^ 

Port  Bainbridge.  gladers  of.  14^  879,  iZ2. 

Port  Dick,  giacien  of,  li. 

Porter,  R.  W„  16»  SAL 

Porter,  W.  P.  S.,  SZi 

Port  Etdies. 

Port  FSdalgo,  m  ffii^JBl^ 
Port  Gravina,  38i-385.  458.  >^ 
Portland  Canal,  glaciers  near,  2=3. 
PorUock.  Nathaniel,  m  370,  5Z«.  STT-Sm. 
Port  NdUe  Juan,        870-371.  iZfi. 
Port  Valdc*.  23i,  237,  254=25fi. 
Port  Wells,  m  2y<L  ^30-350,  351. 
Precipitation.  L  ^  175-17fi.  234.  316.  Mi- 
Prince  of  Wales  Passage,  473,  474. 
Princeton  Glacier,  375,  S7fl-H77. 
Prince  William  Sound, 

cauae  of  recent  advance  of  giacien  of.  ISfi. 

dimate  23i. 

comparison  with  YakuUt  Bay,  4fM)-4fl5. 
depth  of,  23:L 

extent  of  former  gladation  in.  ^32. 

extent  of  glacier  studies  in  2.*i.^-236. 
extent  of  present  glaciers  in.  ML 
fiords  and  islands  of  western.  A72-47g. 
general  descnption  of,  232-2.S3. 
general  view  of,  232=230. 
geology  of,  233. 

glacial  deposits  in.  479-480.  48a=4a4. 

glaciation  of.  40&-48Q. 
gladera  and  glaciation  of,  IS,  14,  2.*t2-236. 
giacien  of  eastern,  382-888. 
glaciers  on  the  islands  of,  38Q-3S2. 
grade  of  ancient  giader  of,  470. 
ice-flculptured  outlets  of,  475-476. 
lade  of  expansion  of  gladen  in,  IM. 
minor  giacien  of,  370-888. 
old  rock  floor  of.  478-479. 
origm  of.  4a2-^£S. 
piedmont  glacier  of,  4gl>-470. 
recent  changes  of  level  in.  428. 
Bze  and  form  of,  481-482. 
mow-line  in,  IS^ 
tidal  giacien  in, 
Prindlc,  L.  M.,  Ifi. 

Push  moraine.  154,  264,  270  274.  279.  290,  303, 
808.  813.  404.  430. 


Q 

QuUlian.  C.  G..  51. 

B 

Rabot,  C,  aia. 

Raddiffe  Glacier,  298.  209.  S2L 

Rafferty,  J.  J..  397.  898.  418.  419.  ML 

Ragged  Mountain,  gladen  near,  13- 

Railway  bridge,  relation  of  gladen  to,  4Q4.  405.  433. 

Railway,  relation  of  Allen  Giader  to,  44^ 

relation  of  glacial  streams  to,  43^ 

relation  of  Grinnell  Giader  to,  43& 

rdatioo  of  Heney  Giader  to,  448. 

relation  of  Sheridan  Glacier  to,  404. 

relation  of  Spencer  Giader  to,  4S4. 
Rainbow  Giader.  <L. 

Rainy  HoUow,  or  SuUivan  Giader,  7,  ISA. 
Raised  beaches,  222. 
Ranney  GUuner,  290,  292,  203. 
Rasmussen  Giader.  165.  106,  169,  IZ2. 
Rearbum  Giader,  Ifl. 

Recession,  rate  of.  at  Nunatak  Giader,  1S7. 
Reconstructed  gUider,  S3Q. 
Redoubt  Bay,  giader  near,  IZ. 
Regal  Giader.  12. 
Reid  Giader.  8.  9. 

Rod,  ILF.,  4,6,7,8.1M.818.m 

Rdd,  Maude  D..  112. 

Rendu  Giader,  7,  8, 193. 

Rendu  Giader,  advancing  ioe  tongue  near,  IfiS. 

Resurrection  Bay,  gladen  of,  14- 

Rice,  J.  F.,  24L. 

Rich.  J.  L.,  32- 

Ripon  Glacier.  885.  8g0.  857.  839.  3fiL 

Ritter.  EL  P..  892. 

Roaring  Giader,  319.  S3fi. 

Robinson  Hills,  new  Icy  Bay  near,  SL 

Rock  basins,  4!Zflb=4ZS- 

Rocky  Mountains,  gladen  of,  19-20,  2L 

Rohn  Giader,  ]jL. 

Rofan,  Oscar,  12,  m. 

Root  Giader,  2£L 

Round  Top,  giacien  on,  12. 

Russdl  Col.,  view  from.  27-28. 

RusmU  Fiord,  25- 

former  lake  in.  108-190.  194.  197.  222=223. 

small  gladen  southeast  of,  UL 

soundings  in,  illL 

submarine  moraine  in,  222-223. 
RusseU  Fiord  Giader,  ISL 
RusaeU  Giader,  H,  12. 
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Ruasdl  LC,  «,S,5^6,7,18,«g^23.28,SL36^45, 

9L  S3.  06.  108^  lOJL  110.        115,  13L  IMi  isfi. 

141.  Ll(L  15L  150.  114.  m  191,  10*»  200,  204. 

gl6.  817.  «8.  g26.  228. 
Ru§sian  explorers.  217i        240^  lUL 
Ruth  Giader,  1£L 

S 

Saddlebag  Glacier,  S92.  4£L 
St.  Elias  Range,  20. 

extent  of  giadatioo  in,  L 

glaciers  in,  6-13. 

glaciera  north  of,  1 1-12. 
Salmon  River,  glaciers  near,  2. 
Salr.burg,  ancient  piednoont  bulb  of,  iSA. 
Sandbars,  46(L 
Sand  dunea.  iOfL 
SatiMuie  Glacier,  fi. 
Sawyer  Glacier,  S,  4. 

Schrader,  F.  C.  12,  18.  15,  19,  283.  236.  g38.  241. 
HA,  249,  250^  2AL  257,  870.  ffiS,  .m  SM, 
419,  422,  4f9,  430,  434.  439,  447.  430,  454.  478, 
479.  mi 

Scbwan  Glacier.  18.  447,  m  42fi. 

Schwatka,  F..  6.  28.  47.  48.  51.  286.  397.  431L 

Sdiulze  Glacier,  5. 

Scidmore,  E.  R.,  3,  L 

Scott  Glacier.  ^  4«3i  M4,  405,  4C6,  ML 

Seal  Bay,  146,  gift 

Seal  Rocks.  HSL 

Sefstrdm  Glacier.  IM. 

SdU  Glacier,  IL 

Sella.  Vittorio,  49.  m. 

Serebrannikoff,  explorations  by,  41A. 

Serpentine  Glacier.  31»,  320,  327-330.  34S-349. 

Seth  Glacier.  801. 

Seton  Karr,  IL  W..  18.  47.  48.  49.  51.  870.  875. 

878.  879j  881.  890.  392,  465. 
Seward  Glacier.  42.  5£x 
Seward  lobe  of  ^laloiipina  Glacier,  ^ 
Seward  Peninsula,  glaciers  of.  UL 
Shainwald  Glacier.  Ifi^ 

Shales,  relation  to  submarine  glacial  deposits.  22>L 
Sheep  Bay.  glaciers  of,  %6,  428. 
Sheldon,  Charles,  IL 
Shephard  Glacier,  885-886.  889.  460. 
Sheridan  Glacier,  889-891.  468.  404,  405.  406.  402. 
Sherman  Glacier,  891^  322. 
Shields,  Archie,  4M. 
Shields  Glacier,  446,  450.  421. 
Shoup  Glacier,  193,  237,  238,  239,  240,  249-254. 
262.311. 


Signal  Mountain,  476. 
Similar  folds,  444. 
Simonstad,  Charles,  24L 
Simpson  Bay.  glaciers  of.  380. 
Simpson,  Sir  George,  8.  0. 
Sinking  of  the  land,  479. 
Sitka,  earthquakes  at,  122. 

glaciers  near,  fl. 

precipitation  at,  175,  176. 
Sitkagi  Bluffs.  42. 

Situk  River,  former  lake  at  head  of.  ]S&, 

Skagway,  giaders  near.  fi. 

Sims  River  Glacier,  11^ 

Slope  Glacier,  13. 

Sloughing,  of  Childs  Glader,  402. 

Smith  Glacier.  800,  301=302. 

Smith.  P.  S..  19,  2Q. 

Snowfall,  aee  index  under  predpitatioD. 

Soow  fan, 

Snow-line  in  Hnrriman  Fiord.  319. 

in  Prince  ^Villiam  Sound,  222. 

in  Yakutat  Bay,  IM. 

on  Hayden  Glader,  iS. 
Snug  Harbor,  giaders  near,  IT. 
Softuk  Bar,  400. 
Souli  Glader,  2. 
Southern  Glader,  14. 
Spasmodic  advance 

of  Chads  Glacier  in  1910,  40^-409.  ALL 

of  giaders  in  other  parts  of  Alaska.  1S3. 

of  Rendu  Glader  in  Glader  Bay,  8. 

of  YakuUt  Bay  giaders,  168-174. 
Special  problems  in  the  YakuUt   Bay  regioa 

Speel  River,  glaciers  near,  3,  4. 

Spencer,  A.  C.  12,  233.  23(;.  Hi.  3SL  3M.  398 

419.  420.  434.  485.  437.  4.^4.  477.  478.  480. 
Spencer  Glader.  464, 

Spirit  Mountain.  Copper  River  Canyon  near.  4U. 
Spitsbergen,  advance  of  giaders  in.  168.  IflL 
Spurr,  J.  E.,  6.  16,  17,  18^  19,  «L 
StaAs.  458.  406. 
Stanley-Brown,  J..  Ifl. 
Steper.  J.  11„  24L 
Stephens  Passage,  gUders  near,  3=4. 
Stilfine  River,  giaders  near.  2. 
Stone.  Fred.  399. 
Stoney  Glader.  10. 
Stuck,  Archdeacon.  10. 
Stutfidd  Glader.  191. 
Submarine  basins.  470-472. 
Submarine  glacial  deposits  221-225.  887-888.  i2i 
425. 
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Submarine  glacial  eroaioD,  81fr-81i.  857-858.  9<F!- 

368.  383=381. 
Submerged  banging  valleys,  glfr-ggl.  £58,  ^5, 

iOS.  Sli.  S43,  858,  SSt  882.  47L  i23,  475,  4fi3. 
Submergence,  indicated  by  vegetation,  46^-463. 
Subaequent  giader.  ISL 
Subaequent  stream,  4Mj 
Sumdum  Glader,  S. 

Summary  of  advances  of  glaciers  since  1899  eartb- 

quakes.  172^  1^ 
Sunrise,  precipitation  at,  816,  817. 
Surprise  Glacier,  319^  SiO,  331-333,  850. 
Swiss  gladers,  compared  witb  Hubbard  Glacier, 

101.  m 

Switserland,  advancing  gladen  in,  191- 

T 

Taiya  Inlet,  glaciers  near,  fi. 

Takhin  Glacier,  6,  Z. 

TaJcu  Glader,  tS,  Ifli 

Taku  Inlet,  glaciers  of,  4-5. 

Taku  River,  glaciers  near,  i, 

Talkeetna  Glacier,  LL 

Talkeetna  Mountains,  gladers  of,  14i  451. 

Talu3  cones,  437. 

Tana  Glacier,  13- 

Taoana  River,  gladers  near,  LL 

Tanana  valley,  gladation  near,  18- 

Tasnuna  valley. 

Copper  River  canyon  near,  451-458. 

gladers  of, 

Vegetation  near,  4QT. 
Tatitiek  Narrows, 
Tayk)r  Glader, 
Tazlina  Glader,  IS.  14.  ^ 
Tebay  River, 

Tebenkof  Glader,  852-855.  SfiL 

Tebenkof.  Michael,  8. 14.  45^  108,  2IL 

Temperate  climate,  gladers  in,  22. 

Terminal  moraine,  41£-U3,  424,  445.  443.  448- 

Terraces,  478-170. 

in  rock,  453-454. 
Theory  of  advance  of  gladers,  in  response  to  earth- 
quake shaking,  Kiii-lliT. 

of  earthquake  avalanche  supply,  180-181. 
The  Peninsula,  4.54. 
Third  Glader,  LL 
Thomas,  exploration  by,  439. 
Through  gladers,  «8.  181^  160.  fOO.  tOl.  SfiL 
Through  valley,  SfiL 
Thunder,  or  Hutli  Bay,  icebergs  in,  4. 
Tidal  delta,  aS&. 
Tidal  gladers,  203-204,  iSi. 

southernmost  in  Alaska,  jL 


llekd  River,  Copper  River  canyon  near,  441. 

Tiger  Glader,  375,  376,  377.  380. 

Tiger's  Tail  Glader,  375. 376,  322. 

Tilting  and  elevation,  hji^thesis  of,  178-179. 

Toboggan  Glacier.  142.  319,  887-339.  348-349.  35iL 

Tokichitna  Glader.  m. 

Tommy  Glader,  297,  308,  3111L 

Topham,  H.  W.,  23.  IIL  47,  4iL  50,  5L  108. 

Tracy  Arm  of  Ilolkham  Bay,  gladers  in,  4u 

Triangular  facets,  fflS. 

Tumagain  .\rm,  route  across  glader  from  Prince 

William  Sound  to,  3&L 
Turner  Glacier.  93-97.  m,  172.  194.  197.  203.  204. 

212.  m.  230. 
Tuxedni  Harbor,  glaciers  near,  12. 
Twin  Gladers.  4, 
Tyndall  Glader,  4L  lEt  50. 
TVrreU,  J.  B.,  IB. 

V 

Ultramarine  Glacier,  871,  872-373. 

Unakwik  Inlet.  235.  289-2!K}. 

Underwood.  John.  3119. 

Unimak  Island,  gladers  on,  12.. 

United  States  government  bureaus,  see  index 
imder  Geological  Survey,  Coast  Survey,  Boundary 
Survey,  Fish  Commission.  Weather  Bureau, 
Forest  Service,  etc. 

Unuk  River,  gladers  near,  2. 

U-shaped  canyon,  442. 

V 

Valdez.  ^  2SL  242. 

predpitation  at,  170,  412. 
Valdez  Fiord,  gladation  of,  2.54-256. 
Valdez  Gbwaer,  lOS^  236,  287-249.  258.  262.  SIL 
Valley  glaciers,  199-200. 
Valley  trab,  403. 
Van  Cleve  Glader,  418,  420. 
Van  Cleve,  J.  R..  420. 

Vancouver.  George,  5,  6,  7.  ii  lOi  i^.  1Q8,  235^ 
239.  257,  290.  m,  307.  319,  .321,  851,  SfiL  SW^ 
363.  304.  3^  ^TQ.  325.  320.  378,  379,  419, 

Van  Hise,  C.  R..  444. 

Variegated  Glader,  106,  115-126.  127.  169.  170. 

172.  184.  186.  187,  194.  m.  404.  206.  |W» 

211,  222.  221. 
Vasilieff,  exploration  by,  LL 
Vassar  Glader,  300.  303=305. 
Vegetation,  related  to  gladers,  61.  77i  i*i  806=207, 

227.  271-274.  287,  318-815.  346-350.  360-861. 

879-380.  421-422.  426.  427.  485.  442.  448.  449. 

467-468. 
indicating  submergence,  4({2-46;i. 
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Vema/rt-Femer  GUder.  168, 17fr-m.  182.  IflL 
ViacoMty  in  ice,  79,  184-185.  186.  187-18fl.  204.  ^ 
Vdcan  de  Fdalgo,  jtttfl. 
Volcanoes,  relation  to  glaciers,  li. 
von  Engein,  O.  D.,  gig. 


Wahlenberg  Glacier,  101. 

Warping,  recent, 

Wat«rwave,  from  Fallen  GUder,  Iflfl. 
Wave  erosion  at  ChOda  Glacier,  403. 
Weather  Bureau,  U.  S.,  125. 
Weathering,  super-glacial.  453- 
Wedge  Glader,  319.  336. 
Wdgle,  W.  G.,  ifia. 
Wdlesley  Glader,  SOOi  306-306.  ai£. 
WdU  Bay,  2fiiL 

Wernicke  Glader,  440,  456^  457. 
Wernicke,  L.,  446,  450. 
Weatdahl,  F.,  12. 
Wert  Fork  Glader,  LL 
West  Glader,  li. 
Whidb^  latbmiu,  MS. 

Whidbey,  Lieut,  6,  li„  235,  239,  250.  25L  290, 
W7.  S«l,  324.  351,  86L  362.  363,  364.  368,  378t 
379. 

White  Paaa,  gladers  near,  fL 
White  River,  gladers  near,  IL 
Whiting  River,  gladers  near,  8,  4. 
WiUiams,  Alfred.  441. 
Williama,  F,  E.,  32. 

WiUianu  Glader,  296.  308,  809,  311^  313. 

Williams.  William,  48. 

Wilaon,  IL  L.,  Jr.,  3ffl. 

Windom  Glader,  i 

Wingham  laland,  463,  418. 

Wiaconain,  gladen  named  for  colleges  b.  355. 

Withcrspoon.  D.  C,  12.  15,  236,  242,  390,  392,  394. 

ggg.  400.  401,  419,  430.  434.  440.  441.  442. 
Wood  Canyon,  451,  4.'>4-4.'>n 
Wood.  C.  E.  S.,  2. 
Wood  Glader,  2. 
Wood  Island,  [^adation  of,  14. 


Woodworth  Glader,  IS,  240,  450,  45fl. 
Worthin^fton  Glader.  13. 
Wosnessenski  Glader,  14. 
Wrangell  MounUins,  451^  452. 

gladers  of,  12. 
WrangeU  Narrows,  reiatioa  to  glacial  stream.  3. 
Wright.  C.  W.,  3.  4»  6,  8,  ?,  liL 
Wright,  F.  E.,  8,  4.  8.  9.  IQ. 
Wright,  G.  F.,  2,  7.  8.  20,  Lis. 
Wright  Glader,  4. 
Wyckoflf,  A.  B.,  tUL 


Yahtae  River,  42. 

Yakutat  Bay,  compariaon  with  Prince  Williaa 
Sound,  480-485. 

contributions  to  interpretation  of  glacial  phe- 
nomena near,  225-228. 

description  of  gladers  of,  n,  82-34. 

gladation  of,  198-231. 

icebergs  in,  213. 

ice  jam  in,  214-216. 

k>cation  of,  24. 

physiographic  features  of.  24=8fi. 

smaller  gladers  of,  165-167 

soundings  in,  217-213. 

special  problenu  in.  9H^-9M 

submarine  moraine  in.  <m-99^, 

summary  of  giadal  history  of,  228-281. 
Yakutat  Bay  gladers, 

characteristics  of,  27-32,  198-204. 

contrast  with  Columbia  Glader,  2®. 

former  expansion  of,  34-.S6- 

general  view  of,  23=4(L 

recent  advance  of,  37HtO.  484. 

recent  recession  of,  SfiiiST. 

summary  of  advances  of,  168-174. 
Yakutat  Foreland.  i& 
Yakutat  Glader,  10,  158,  123. 
Yale  Glader,  14,  296,  300-308.  809.  310.  312. 
York  Mountain,  glaciation  of,  20. 
Yukon  vaQey,  gladation.  in  18,  21. 
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